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PREFACE. 




: LTHOUGH now-a-dtrfs the Mecbamcd,^\ 

Phllofophy is in great Repute, and in this 
I Age has met with many who culiiva.'e it -, 
I yet in moji of the ff^ritings ef the Pbilofo- 
phers, there is fiaree any thing Mechanical to he found 
hefides the Name. Inftead-jshereof, the Pbilofophersfub- 
Jiilute the Figures, Ways, Pore-, and InterjiicesefCor- 
pufcles, which they never fazo ; the intejiine Motion of Pat 
ticks, the CclluElatiensandConfliefs of Acids and AlkaUei:i*A 
and the Events that thence arife^ they relate fo exaiily, 
that there is nothing but aBelief-nLantinginthe Hiflory of^\ 
Nature, as often as they fet forth the Miracles of iheirim 
fukile Mailer : I fay. Miracles, for certainly tl at mitfl bt ^ 
fifort of a Miracle, which havens contrary to the 's:ell- 
hiswii Laws of Nature, mid the cfiablijhed Principles ef^ 
i\ z Alecho' ] 
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Meehmkh ; as would be all the Phenomena ef Nature, »^ 
they were produced by a fubt He Matter, and the Method 
ef Operation that is delivered by the Pbihfopbers. 

T o explain the IVerks of Nature, they make ufe of 
fuch Poftulata, as can neither be conceded, or underfiood; 
and ivhich are indeed more complicated than the Phenol 
mena ihemfelves, wbgfe Caufes they invejiigate. BeJJesy 
if their Poflulata are granted, yet the Effe£is cannot be 
thence deduced, wbofe Caufes and Origin they boafi ia 
have difcovered. 

But that nobody mayfufpeSl that this is rafhly and 
malevolently afferted by us, we fhall bete examine the 
Theory they have framed to explain the moji univerfiil 
Jffellion qf all 'Terreftrial Bodies ; / mean Qravity, 
which they principally boafi of having been able t6 
deduce by Mechanical Laws from the Miion of a fubtiUM 
Matter. fl 

T H H Cartefians will have Gravity to arife from ti^M 
ji^ion of a Ceiejlial Matter, which beiifg agitated in a 
Vortex, is carried about the Earth, and confequently re- 
eedes, as much as it can, from the Earth, and forces 
Terreftrial Bodies being lefs agitated towards the Earth. 
Cry as the Moderns have more clearly explained the Opi. 
nioa of Cartes, ftnce the ethereal Matter makes continual 
Gyrations about the Earth, it will have, after the manner 
ef Bodies that move circularly, an Endeavour of receding 
from the Center of Motion, fo that the Terreftrial Bodies. 
having a lefs Force, will be compelled by it tonards the 
Center -, as IVater gravitating tonards the Earth, driz 
ttpwards or towards the Circwitfartnce, Bodies of a 
7^e:gbc ia refpe^ to their Bulk, which are immerfed is £ 
This 



This, however fpecious it may feem at firfl appeS' 
\ancet if it he brought to an Examination, ivHl he found 
contrary to almofi all the Laws of Nature. For in the 
yirfiplacey /AiCarrellans require their Ethereal Matter lit 
ke carried rdundtbe Earlhsn Circles ^but fromwhat Caufe 
thai Motion arifes^ or by lubat Means it is continued, is ds 
'difficult to explain, as to give a Reafon for Gravity itfelf. 
They therefore who contend that Graviiy proceeds from 
thence, undertake to explain ■u.-hal is unktiown by -Jjkat it 
Jiillinore unknown., efpecially ftnce there may be producid 
divers Ar^uwentiy zvbereby that Rotation is whoiiy de^ 
Jireyed. But let Us grant to the Cartcfians their Pejiuia- 
lum,and then let us fee, whether this PhenctneKon does 
thence follow. Since it is necejfary that the Velocity of the 
Vortex revolving about the Earthy is, at she Supsrfdes of 
the Earth, equal to the Velocity of the Earth' i Rotation, 
(for if it wits greater, fame part of tbe Motion -xould be 
ebmmunicdtcd to the Earth \ whence it would happen, that 
its Velocity would be always dinitnifhed, and that of the- 
Earth increafedi, till they arrived at an Equality) fo that . 
from the Magnitude of the Earth, and tbe Time ofiti Ro- 
tation being known, there will be given the Space^ which d 
Body, urged by the Centrifugal Force of the Celeftial Mat- 
ter, can run over in a given Tisne -, namely, that which ii 
equal to the Square of the Arch defer ibed in the mean while, 
applied to the Diameter of (he Circle: By Lemma z. jrt 
the Demonjiratien cf MoM/Hiiygens'j 'theorems of the 
Centrifugal Force a'.d Circular Al-.lion. If a Calcidatios 
be madefrom this Principle, it will be found that the Space 
'ji'hich ivill be run over in a Second of Time, by a Body - 
agitatedby a Centrifugal Force of the Msher, will net ex- 
A 3 cted 



i 



L. 



. pi The Preface. 

ceed half a Foot : If therefore the EffeB of Graraify waf 
p'oduced mechanically f heavy Bodies in a Second of Time 
i:jould not defcend above half a Foot; hut heavy Bodies 
in their Motion doTinwards inill pafs over in the fame 
Time fifteen Feet. Se that if after this manner the ^tber 
WHS the Caufe of Gravity, it would aSl contrary to the 
La-jis sf Mechanic kSy by making a Body defcend through 
fifteen Feet in one Second of Time, 

T o avoid the Force of this OhjeHion, the Cartefians 
fuppofe the Rotation of the ethereal Matter to he much 
fmfter than the Rotation of the Earth. Which, though 
it is impojible, yet if we alfg concede to them this, there 
will not thence proceed the Mechanical ji£}ion of Gravity. 
Forfince the Matter of the Vortex is ah ays carried in 
Circles parallel to the Equator, and the Direiiions of the 
Centrifugal Forces are always made in Lines lying in 
the Planes cf thefe Circles ; it fellows, that all Bodies 
muft defcend in thefe Planes, and tend perpendicularly to 
the Axis, and not to the Surface of the Earth. If there- 
fore ihefuhtile Matter aSied mechanically, it would force 
Bodies perpendicularly to theJxis -, whence fince^ according 
to thefe Thcsrifls^ it compels them to tend to the Center of 
the Earth, it produces an Lffe^ contrary to the true 
Laws of Mechanicks. 

That they may remove this JiifficuUy, they fariber^ 
fuppofe the ethereal Matter to be carried not in Circles 
parallel to the Equator, but in great Circles of a Sphere. 
But how it ispiffible to conceive thjs, I am at a lofs to 
knoic ',forfince every great Circle faice inlcrfeSls all the 
ether Circles that are irfinite in number, it isnccejjary that 
. the Motion of any Puuiile fl^snid be hiirdercd ty infinite 
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ethers moving different ways^ and at len^h its Mptioif 
Jhould ceafe^ if at firfi an equal Siuantitj ofMotim^^yi^ 
impreffed on all the Parts -, or that^ laftfy^ it Jhould be all 
carried in parallel Circles^ if at the beginning the Motion 
was greater towards, one Part than the other. More^ 
cver^ it may be ajked^ whence it comes to .pafs that 4be 
ethereal Matter does move in the Superficies of the out&rr, 
mofi Sphere^ fince it has a. Centrifugal Forc^ U fiems- 
as if it fhould recede from thence \ what then isjt that 
binders it from doing fo? They are wont to anfwer^ 
That the ambient Bodies comprejs the Matter in the ex^ 
tericr Spberey and prevent its efc aping. Rut fince this 
Matter muft prefs other Bodies encompc^ng itj it is ne^ 
ceffary that it communicates a Motion to them^ ahd thejs 
Bodies in like matmer willimprefs a Motion on others 
encompajftng them^ and fo the Motion ofthefubtile Mat-^ 
ter will be propagated in infinitum; whence of necefftty 
its Celerity muft langidfh by degrees. 

There are many other Difficulties which accompany 
thefe Mechanical Explications of Gravity ; one whereof w^ 
fhall here propofe^ and which extends to all the Theories of 
this fort. And it is this : If a Body is after any manner 
driven downwards by a fubtile Matter^ the Force whereby 
it is driven^ will be neceffarily as the Number of Particles, 
by the ailing of which together^ the Body is confirainedt6. 
tend towards the Earth : but the Nuraber of Particles is 
as the Superficies of the Body -, wherefore the Fcrce where- 
by the Body ispreffcd dovcnwards^ ^izillbe as its Superficies, 
and not as the ^antity of Matter in the Body^ which is 
contrary to Experience, Nor zviUall the reft of the Hypo- 
ihefes, which they frame to acccuntfor the /tppecrance of 

A '4 other 
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ether things, he found lefs repugnant to the Laws efNa- 
ture, if /bey are brought to an Examination. 

All ibefe Errors feem to ffring from hence, that Meh 
ignorant of Geometry prefume to pbilofopbize, and to givi 
the Caufes of Natural Things. For what can we expeSl 
but Mifiakesy from fuch, as having negleffed Geometry^ 
the Foundation of all Pbrlofopby, and being unacquainted 
wiib the Forces of Nature, 'j^hich can only be ejiimatedhy 
the means of Geometry, do yet attempt to explain its Ope- 
rations, by a Method not at all agreeing with the Rules 
ef Mechanicks? 

Aiiou GST the Philefcphers oftbisferii Cartes Uadi 
the Van; who though bewasa famous Geometer, yet that 
he might accommodate himfelfto the idle and common Herd 
ef Pbilofophers, made noufeof Geometry in bis Philofophy ; 
and although hepretended to explain all things mechanically 
by Matter and Motion, yet he introduced a tbilefophy 
which was as contrary to the true Laws ef Mechanicks, as 
was poffxhle. Thofe may he reckoned of bis Se£f, who 
refufe the labour of Pbi'ofopbizing aright, that is. Geo- 
metrically: Andfuch are by much the greateji number, 
being fcattered almofl over the whole Earth. 

But although fo great a part of the Pbilofophers have 
embraced the Shadow of Philofophy, and not its Subjiance \ 
yet there have not been wanting {nor, I hope, ever will) 
fucb as have employed real Pains in difcovering the true 
Laws of Nature, and in invcjligating from thence the 
Caufes ef Things by Mechanical Principles. 

Amongst the antient Pbilofophers, the Divine PiT- 
chimedes « of the greateji Eminence-, who, befides bis 
Geometrical Labours, has left us the Principles of Mecha- 
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B/ViJ ""^ Siaticks dcmonjlrated in two Books de ^qui- 
ponderantibus & de Humido Infidentibus. /Ifter bim 
fbrougb a long Series ef Tears the Mechanical Philofiply 
iayin Obfcurity, npr ifiasi( cullivaled except by a very few 
PerfoHs of a more refined Underjiandinz. Amongji wh(m 
tve may J iijify reckon Rooet Bacon ef Oxford, and Car- 
tj^n. But at length, about the beginning of the lajl Age, 
thai ftobie Lyncan Phi h/opher Galileo, having by the 
»edns of Geometry penetrated into the Secrets of Nature t 
framed a new Science pf Motion^ andjhewed a Method 
■whereby the Alec hani cat Caufes of Things might be difco- 
vered. Then the famous Torricelli /jKi/ Palchai tread- 
ing in his very Footfieps, improved Pbilofophy by new Spe- 
tulatiens. Andlajlly, the Societies of handon and Paris 
Kereinjiitutediy lwopoiverfulMonarchs,for the Advance- 
ment of Pbilofophy \ whereby the Knoiuledge of Nature has 
^iek increafed with ziienderful Inventions, not onlyfucb as 
tWminaie in hare Speculation, but with many others which 
tfre of common XJfe to Men. It would be a difficult Tajk 
to reckon up the innumerable Benefits that accrue to Man- 
Icindfrem ihe Labours of both Societies : nor is it an eajy 
matter tojhew, bow much fucceedtng Ages will be obliged 
to the Oeometrical Demonjirations of the Illuftrious Mon- 
fieur Huygcns, concerning the Motion of Pendulums j or 
to the curious Experiments of the Honourable Mr. Boyle, 
'ivhereby be has difclofed many wonderful Secrets of Nature. 
Our late Pefterity v.ill perufe zvith a grateful Mind 
Dr. Wallis'j Trealife of Motion ; a Work the moft perfect 
ef its kind. The Pbilofophers will now no longer he trou- 
bled tofmd out the Caufes of Rivers and H^tnds, fince 

the 
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Jhey have hceH 'delivered by that acute Geometer Dr. 
Halley, i/jo' before him they have been fought after in 
Ijain. 

I S H u L D proceed in enumerating the Merits of 
ethers towards the real Phikfophy, if I did not find my- 
fe^ obliged to flop, to mention the great Invmtiom of Sir 
Ilaac Newton, whofe prodigious Genius has laid open 
more and ahftrufer Myfieries of Nature, than Men 
could ever have h^ped for : butfmceitis impoffibk to 
comprehend his Difceveries within the narrow Limits 
of this Pref^ce^ ii-e fhall only undertake to fay thus 
much. That uhat all our Predecejfors frcm Time im- 
tn^morial have handed dawn to us concerning the Mecha- 
nical Pbilo,oph^-y does not amntnl to the tenth part of 
tkofe Things, which Sir Ifuac Newton alone, through 
his ^aji Skill m Geometry, has found out by his own 
Sa^aciy. But hox' the Mechanical Principles may be 
eaftly aipUed to explain the Jff.chons of fuch Bodies as 
ere at a defiance frcm us, nante'y, the Motions and In- 
equalities of the Planets; the learned IVcrli has been 
lately informed by the PhiUfoihii aland Geometrical Ele- 
tnentsof /djlronsmy publifhsd by Dr. Grrgory, iifSttvUian 
Profeffcr of Jjlronomy : A PFork that viill laji as long 
as the Sun ai-d Moon endure. 

Since thenfore fucb is the State of the Mechanical 
Philefophy, th&l tLre is nc Mmit!ame to it but by the 
weans of Geometry, fome of my Friends have requeued of 
me, that I would undertake i-a explain to the Toutb of this 
Uniiier/ity its cafieft Principles^ and fuch as only depend 
en Qtefirfi Elements of Geometry ; which thing isas alfo 
tijk:d ofm: in the moft obliging manner in the world, by thp 
Gentleman 
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Ceaikmanwhafubfiitutedme in Cbepublick Schools for the 
undertaking this fFork. And this was Sir Thomas Mil- 
lingtonM D. Sedirian Profejor ef Natiiral PbHofophy 
in this Unherftly, andP-reftdeht eftbeCdkge of Pbyjjcians 
in London ; a Perfon adorned with Learning of every 
kind. By bis Advice it wasy that I read the fellaviing 
Leisures in this Univerftty : And in them my principal 
Care was, that Beginners might have clear and diJtinB 
Conceptiom ef the general Affeif ions of Bodies iforallibe 
Errors in PbUofophical Matleri have their Origin from 
Ihe obfure and falfe Ideas ef Things: fa that I have 
endeavoured, as much as I ivas able, to expound clearly ike 
Extenfwn, Solidify, and Divijibility of Body, which have 
been delivered by ctkers very obfcurely. And then I have 
explained the Naiure and Properties of Motion, -which may 
he eajily conceived by all unlefs fomefort of Phikfephers j 
and I have fbence deduced the Lqtxs €f Nature, and have 
Jheu;n that the Force of Gravity, or the Weight of Bodies, 
is proportionable to the Quantity of Matter in thofe Bodies, 
and the Principle whereby, thro' the means of Engines^ 
great H^eights are raifed. Next, I have made manifeft 
the Laws of Motion, and the Caufe of the Acceleration of 
heavy Bodies depending on them ■, and by ti-bat Propor- 
tion the Spaces paffed over by heavy Bodies, increafe or 
decreafe according to the different Intervals ef the Times. 
To thefe fucceed the Rules of Congrefs, as well in bardas 
elajiick Bodies, and the Manner whereby the Magnitude 
ef a Stroke may be ejlimated : to which I have adjoined 
Ihe Compofitions and Refolutions of Motions, andfome 
ether Theorems, of no fmall ufe in Pbilofopby. And 
that the rbilcfophcrs may farther perceive, how fe,r even 

the 
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the Ufe of the Elementary Geometry extends itfelf in the 
Knowledge of Natural Things, I have demonjlrated from 
the Elements the very beautiful Theorems of Monf. 
Huygens concerning the Centrifugal Force and Circular 
Motion, 





LECTURE I. 

Of the Method of Philofophizifig, 




I S it is our Purpofe in thcfe Lctftures to en- 
"I dcavour lo deliver the Kxpiication of the 
Properties and Affections of Bodies, we 
I have thought ic not improper, in the 
firft place, to fay fomething concerning 
the Ssfts, and Principles, and Mfthods of the Philo- 
fophers; and ;it the fame cimc, to declare our own 
Manner of Proceeding, in the inveftigating the Caufes 
of Natural Things. 

Amongst the various Scfls of Philofophers that 
have wrote on Phyfical Subjefts, there feems to have 
been four of the greateft Eminence. The firll were 
thofe whb attempted to ilkiftrate, ((h:ill I fayi") or 
rather conceal, the Natures of Things by the Pro- 
perties of Numbers and Geometrical Figures. Suc!i 
were the Pyibagoream and the Plalonljis ; for thefe not 
being willing that their Opinions Ihoiild be cxpoi'd 
to the common People, did theretore, as it were, 
caft a Vai! over them, by the means of Images and 
B Hiero- 
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Hieroglyphicks, that they borrowed from Geometry' 
and Arithmetick: nor indeed did they admit tKeir 
own Difciples to a thoruiigh Acquaintance with their 
real' "Opinions and the greateft Depths of their Phi- 
iofophy, uniil they had firft undergone many Years 
of Prob^ticn and Trial. Tho' this Method fcems 
cxtrtmely well calculated to keep up the Dignity of 
their Profeffion, yet it had a very ill cffcd in re- 
Ipcil to us, the Siiccelfors of thefe Philofophers. 
For by this means their Opinions have been handed 
down to us with fo much Obf'curity and Darknels,- 
ihac it is almoft impoffible to difcern, thro' the Dif- 
guifes that tiiey wrapped them up in, what were 
their true Sentiments concerning the Natures of 
Things. But however, notwithftanding the Philo- 
fophy of this Seft appears very myfterious to us, yet 
we may be certain, from their Manner of delivering 
it, that they looked upon Gtometry and Arithmetick 
to be abfoKiteiy neccflary to fblve the Phenomena of 
Nature, and that they ufed them to that very pur- 
pofc. 

The fccond fort were the Pertpaieticks. This Seft. 
explained their Philofophy by Matter and Forms, Pri- 
vations, Elementary Virtues, occult Qualities, Sym- 
pathies and Antipathies, Faculties, Attraftions, and 
the like. But thefc Philofophers, in my Opinion, feem 
not fo much to have difcovered the Caufes of 
Things, as to have given proper Names to the Things 
themfelves, and to have invented fuch Terms, as are 
very fit to exprefs natural Adtions. 

The third Order of Philofophers are fuch 
proceed upon Experitttenls : and thcfe make it th 
fole Biifinefs, that the Properties and Actions of alf 
Bodies may be manifefted to us, by the means of our 
Senfcs. And indeed Philofophy has received very 
confidcrable Advantages from their Labours; and it 
might thereby have been ftill furdier improved, if the 
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Experimenters clicinfclves iiad nor too often diftorfed ! 
iheir Experiments and Obfcrvacions, in order to tW ^ 
vour fome darling Theories they had efpoured. 

The laft fun of Philofophers are kicli as are wont J 
to b2 called Mechanical. They that Jiil diemfelve*"! 
under this Banner, imagine they can cxpi^iiu al! tha ' 
Phenomena of Nature by Matter and iVIoiion, by I 
the Figure and Texture of the Parts, by fiibtle Par-: 
tides, and the Adlions of EfRuvia; and t!ity iiUe- 
wile contend, that ihele Operations are brouglic " 
about by the known and eftabiilhed Laws of Mc- 
chanicks. 

Amongst thefc various Waysof Philofophizing, 
as there is no particular one, wherein we do in:irdjr J 
acquiefce j fo in each, there are fome things which we 
can approve of. Wherefore we (hall chule out of all 
of them what may be thought ufeful, and thciice com- 
pofe the Method we fliall here follow. 

ANofird oi'ail, in imitation of the ancient Py- 
tbagoreans and Pktenijis, we Ihall call in to our ati 
fiftance Ariihmetick and Geometry, as Arts very 
neceflary to Phiiofophy, and without which, but 
bttle of Certainly can be ever difcovered in natural 
Caufes. For fince every Phyfical Action di^penda 
upon Motion, or at leaft it cannot be performed with- 
out Motion; the Quantity and Proportion of Mo- 1 
tion, the Magnitude, Figures, Number, and Colli- 
fions of Bodies in motion, and their Fotces nece!TLiry_ 
to move other Bodies, ought to be inveftigaied. Bji; 
it is impoffible to determine all thele, without bting 
inflrufted in the Nature of Quantity and Proportion : 
and therefore there is occafion for thofe Arts, that 
demonftrate their Properties) and confcquently Geo- 
mtiry and Arirhmetick muft be thought neceflary to 
any one, that would make any progrefi in Natur^ ' 
Phiiofophy, 

B 2 Ss- J 
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Secondly, we fhall not be afhamed to life, 
with the Peripaledcks, the Terms ^taljly, FaeuUy, 
j1tlra£lioftj and the likej not that by thefe words wc 
pretend to define the true and phyfical Caufe and 
Modus of Aftion, but as thefe Aftions may be aug- 
mented anddiminifhed, and therefore fince they have 
the Properties of Qualities, the fame Name may not 
unfitly be applied to them, ib that we thereby only 
mean to exprefs the Ratios of the Forces or their 
Augmentation and Diminution, For example, wc may 
fay that Gravity is a Quality, whereby all Bodies are 
carried downwards, whether its Caule arifes from the 
Virtue of the central Body, or is innate to Matter it- 
k\\; or whether it proceeds from the Aftion of the 
jEther agitated by a centrifugal Force, and fo tend- 
ing upwards; or laflly, whether it is proiiuced after 
any other manner whatever. So likewife we may 
call the Endeavour of Bodies to approach one ano- 
ther, Attraftion; by which word we do not mean to 
determine the Caufe of that Attion, whether it pro- 
ceeds from the Aftion of the Bodies tending mutu- 
ally to one another, or from their being agitated by 
Effluvia emitted, or from the Adion of the ^ther, 
or Air, or any Medium wliatever that impels the 
Bodies, which float in it, towards one another: fuch 
Acftions, I liiy, we may exprds by thefe Words, And 
if the true C.uifes are hid from us, why may we not 
call them occult Qualities? Certainly by the fame 
right, as in Algebraical Equations -we denote the un- 
known Quantities by the Letter x ax y; and not by 
.1 very unlike Method we may invcftigate the Inten- 
ffona and Reniiflions of thefe Qualities, which follow 
from tumc certain fuppofrd Conditions, We wiU 
jlKiflrate this by an Example. 

However ignorant we are of the Nature 

i^alities, and liow much foever the Modus of Ope*' 

rations is conceakd from us, we arc able notwith- 
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ftanding ro dcmonftrace tlie following Theorem con- 
ccrniRg their Intenfion ahd ReniifHoh, Every Qua- 
lity or Virtue that is propagated- every way iii right 
Lines from a Center, is diminilhed in a duplicate 
Proportion of the Diftance from that Center. 

Let a be a Point or Center, whence every way 
the Qijatity is diffofed, in the right Lines A B, AC, 
AD, and innumerable others fpread indefinitdy 
through the whole Space. I fay, that the Intenfion 
of the Quality decreafes in a Ratio duplicate of that, 
whereby the Diftances increafc j or, which is the 
fame thing, its Intenfion ^ a Diftance equal to 
A B is to its Intenfion at 4 Diftance equal to the 
right Line A.E, reciprocally in a duplicate Ratio of 
the Diftance AB, to the Diftance AE; that is, di- 
rpilly as the Square of A p to the SqiT^rc of A B. 



\ 




Since, from the Hypotjiefis, the Quality is propaga- 
ted in a Sphere every way by right Lines, .its Inten- 
fion at jny Diftance trom the Center, will be propor- 
tionable to the Spiflitudc or Denfity of the Rays at 
the (ame Diftance. By Rays I here mean the recli- 
Jineal Ways by which' the Quality is ditfufrd; Now 
the Rays that at the Diftance A B are drffiifud lliro' 
B 3 ' ih: 
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the fphcricaJ Superficies BCDH, wl!l be difperfcfl 
at ihcdiftance AE, thro' the whole fpherical Super- 
ficies EFGK: but the SpiOitiide of any given Rays 
are rcciprocalty as the Spaces they take up -, namely, 
. if the Superficies EFGK b double the Superficies 
BCDH, the Rays at the Superficies BCDH, will 
have double the Denfiiy, that the fame Rays will 
have at the Superficies EFGK: and if the Super- 
Bcies EFGK is triple (he Superficies BCDH, the 
Rays likewife at the Superficies BCDH will have 
triple the Denfuy that the fame Rays will have at 
the Superficies EFGK; and univerfaily whatever 
.proportion the Superficies EFGK has to the Super- 
ficies BCD H, the fame proportion will have the Den- 
fity of the Rays at the Superficies BCDH to the 
Dcnfity of the fame Rays, at the Superficies EFGK. 
And from /ii chimed, ef the Sphere atd Cylinder, it ap- 
pears tliat all fphericai Superficies ate in a duplicate 
Ratio of their Diameters or Scmidiameters: the 
SpiiTitiide therefore, or Dcnfity of the Rays by which 
the Quality is propagated to a Diftance equal to the 
Diftance A B, will be to the Denfiry of the fame Rays 
a: a Diftance equal to AE, reciprocally in a duplicate 
Ratio of the Semidiamcter or Diftance AB, to the 
Semidiamctcr or Diftance A E. But as it has been 
Jaid, tlic Intenfion of the Qiialiiy at any given Di- 
Itancc, will always be as ilie Spiflitiide of the Rays 
by which it is propagated to that Diftance i there- 
fore the Intenfion of a Quality at a Diftance equal to 
AB, will be to the Intenfion of the fame Qualiry 
at a Diftance equal to AE, reciprocally in a dupir 
cate Ratio of the Diftance AB to the Diftance AE.. 
that is, diredly as the Square of A E to the Square 
of AB. 

W E have demonftrated this Theorem univerfally, 
whatever is the Nature of the Quahty, fo that it 
ai5ts in right Lines; and It hence follows, that the 

In ten- 
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■Intenfions of Light, Hear, Cold, Pertunies and the 
like Qiialities, will be reciprocally as tlie Squares of 
.their Diftances from the Point whence they proceed. 
Hence alfo may be compared amongft themreive5, tlie 
A(5tions'of the Sun on different Planets: but this is 
not the Bufinels of our prel'ent Defign. 

After the Ratios of the Forces are difcovered 
in given Conditions or Siippofitions, then thofe Ra- 
;tios are to be compared with the Phenomena of Na- 
ture, that there may be found out, whdt Conditions 
of the Forces belong to every fort of Bodies. But 
in order to obtain. thi$, many of the Experiments 
that the third Se<5t of Philofophers have delivered.] 
.down to us, muft be made ule of: tiio' this oiigl^f'' 
not to be done without great Caution; fur we are 
■well apprifcd how fond thefc Gentlemen are of their 
Theories, how willing they are that they fliould be 
true, and how eafiiy they deceive both others and 
thcmfeives, in trying their Experiments. Such there- 
fore as are produced by all, and which fuccecd upon 
every Trial, we receive as undoubted Principles or 
Axioms: as likewife we ought fooner to give credit 
to thofe Experiments that arc more fimple and eafy to 
be fliewn, than to thofe that are. more compoundcdj 
and difficult to be performed. 

Lastly, We ought to inquire with t!ie antieitt 
Atomifts, and the Followers of the new Philofophy, 
what are the Phenomena t!iat may be explained by 
Matter and Motion, and the known and cilrablifhed 
Laws of Mechanicks. 

But that we may proceed in this Affair with the 
greater fafcty, and, as much as poflible, avoid all 
Errors: we Ihall endeavour to obferve the following 
Rules. 

First, We (hall, after the Method of the Geo- 
meters, premife fuch Definitions, as are neceffary 
.to arrive «t the Knowledge of Things. It is not to 
B 4 be 
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be expected that thefe Ihoiild be logical Definitions* 
which confifl: of the Genus and Differaice; or fiicli aS 
difcover the intimate Efleiice and ultimate Caiife of 
the tiling defined; ihefe Matters I leave to be dif- 
piitcd by others j tor ingcnuoufiy to confefs my own 
Ignorance, tjie intiipa^e Natures and Caufes of 
Things are not known to me. And whatever ac- 
quaintance I have with Bodies or their Aftions, I 
obtained it either by the help of my Senfcs, or elle 
deduced it from fomc of their Properties, which 
properties >irere difcovcred by the fame means. I 
(hall therefore, inftead of fuch a Definition as the 
Logicians are wont to pive, exhibits a Defcription j 
whereby the thing dcfcribed may be clearly and 
dirtiiidiy conceived, and likewiic be diftinguiflied 
from every thing elic. Wherefore we fhali define 
all things by their Properties, phufiDg out one or 
more ot the fimpled, which by Expet^icnce we are 
certain do really belong to the things their/elvcs; and 
then fiom thele, we fhall aft^^r a Geometrical man- 
ner deduce other Eroptrtics of the lame things. 
Many modern Philofophers have offended againftifiis 
Rule, who define things not by any Properties which 
do crrtainly belong to them, but by Eflences and 
Natures which they iiippofe to be in the things 
themlclvcs. I'hcy fuppofe it indeed, but at the fame 
time it does not at all appear, whether fuch Natures 
as ihey define, are really in the things themfelvcs, 
The'Cisr/f/iaj^j, for example, fay that a Fluid has its 
Parts in continual Motion, but it does not appear - . 
from our Scnfes, or lixperience, or Reafon, that fudt^^J 
is the N;tureofa Fluid: nay, that very Argumenft^B 
which ihey produce to coiifirm this their Hypothefis, • I 
we fliall overthrow by a Geometricat Demon ftratlon. 
For they will have it, that th^" Rellftance of a Body 
moving in a Fluid, is lels, if the Parts of that Fluid 
;«re aL;uatfiI by ar- inteftine Motion, than if ther? 

was 
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was np fucli Motion in the Fluid; the contrary to 
whici], we fhall denionftrate, when we come to treat 
of the Refiftancc of Fluids. 

But the Writers of the Mathematical Piillprophy 
have followed a much better courfe, who take cheir 
Definition of a Fluid from its ipoft obvious Property. 
A Fluid, they fay, is a Body whofe Parts yield to 
the fmalleft Force or ImprelTion, and by receding, 
are eafily moved \n refpcift to each other. From 
which Definition they deduce many beautiful Theo- 
rems that are of Service in the Occafions of Life; 
whereas the Carlefian Philofophcrs from theirs have 
produced nothing either certain or folid, njiich )efs 
ufcfuj. 

SECDU"Dtv. While we are i nve ft i gating natural 
Trufhs, it will be of advantage to confider only the 
Conditions that were fuppofed at firft, abftraiting for 
a time from all other Confidcrations whatever. For 
^ the human Mind is finite, fo if it be dilhirbed by 
too great a rjumber of things at once, it will by that 
means be irndered incapable of making any Dilcoyc- 
ries. The Mechanical Writers have oblerved this 
Rule in their comparing the Sp.iccs palFcd over by 
two Bodies in motion: for ihcy look upon the Bodie;; 
in this cafe as Points, abftraftiiig from the Confidera- 
tion of their Magnitude, Figure, and Colour, which 

I make no alferatipn at all in refpcift to the Length they 
have moved. 
Thirdly, It is necelTiry to begin with the moft 
fimple Cafes firlt; and having once fettled them, wc 
piay thence advance to fuch as are morecompoundcd- 
$0 the fame Mechanical Philofophcrs at firibfuppofc 
(he Motion of Bodies to be/» vacuo, or in a Medium 
that has no Refinance; and having determined the 
Laws of Motion in that Cale, they thence proceed to 
I inveftjgate the Laws of Rcfiftancf, and lalHy to dif- 
I Fovcr what Changes are thereby likely so arife (q 
L 2 Bodies 
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Bodies in motion. For the Jeis the Bodies are re- 
fifted by the iVIediuni tlicy move in, the lefs will the 
Laws of the Motion of Bodies in that Medium differ 
from the Laws before found out. So likewife in Hy- 
droftaticks, we confider the Fluid as having no Tena- 
city or Coherence of its Parts, but that they are fcpa- 
rable by the leart Force whatfoever: and it is on this 
fuppofnion, that we determine the Pofitions of Bodies 
immerfed in fuch a Fluid, and the Preffures of the 
Fluid on fuch Bodies. Tho' perhaps there is not in 
Nature fuch a Fluid, as has no Cohefien of its Parts i 
wherefore the Variation or Difagreement in the Laws 
of a Fluid whofe Parrs do cohere, from thofcofa 
Fluid which we fuppofe to have no Cohefion in its 
Pans, ought to be inveitigated ; and if that Tenacity 
■or Coherence of Parts in the Fluid be but fmall, the 
Difagreement from the Laws firfl: difcovcred, will be 
±)ut fmall, and Icarce difcernible. 

Most of the Theorifts offend againft this Rulcj 
who neglefting, or not thoroughly underflanding the 
firft and more fimple Principles of the mechanical 
Philofophy, at the very Hrft ftroke attempt the molt 
■difficult Problem^:, and rallily enough endeavour to 
ihew how a World, a Planet, or an Anima! might be 
formed. Thefc are not unlike fome young Beginners 
in Geometry, who before they arc well acquainted 
with the Elements of that Science, prefentlyfet upon 
the Quadrature of the Circle, the Trifc6lion of an 
Angle by the means of right Lines and Circles, the 
Duplication of the Cube, and thehke: fo our The- 
orifts not having laid a good Foundation, raiie up 
but a weak Superftrudure -, whence it is not to be 
wondered,if theirgreatBuildingimmediacely finks, not 
without the difgrace of the Architefts. But thofe 
who philofuphize aright, ought to take another courfe, 
and proceed in a quite different Method ; and tho* 
ihcy do not pretend to form a World, an Earth or a 
I Planet. 
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Planer, yet they may be able to hy down a ftire 
Foundation, and firm Principles of the Mechanical 
Philofophy, and explain the Phenomena, which are 
thence to be deduced. 



LECTURE II. 

Of the Solidity and Extenjion of Bodies. 

' E fhall not here give a Definition of Body, 
\ taken from its intimate N.uure or EfTcnce, 
whercwich we arc not perfectly acquainted, 
and perhaps never fiia!) be: but according 
to a Rule laid down in the former Lecture, we ftiall 
define it by fome of its Properties, that diftirguiHi it 
from every other Being whatever, \Vc therefore fay. 
That a Body is, what is extended^ folid, and capable of 
Mstien. 

There is no one, I fiippofc, fo (low of Appre- 
henfion, as not readily to perceive, that every finite 
Body has Bounds or Terminations, which Termina- 
tions we call Superficies, and of thefe fbme one is 
didant from its Oppofite; and again this Superficies 
I'fince it is not infinite) has Exrrfmes, which wc call 
Line?, and betwixt which there mull of neceflity be 
ibmc diflance. And moreover there are Terminations 
of thefe Lines, which we name Points, betwixt 
which alio there is an Interval. From all thefe Di- 
ftances taken together, we acquire a diftindt Idea of 
Extenfion into its triple Dimcnfion. For the Diftance 
betwixt two oppofite Surfaces of the fame Body, 
is called its Thicknefe or Depth-, the Diftance be- 
twixt two oppofite Lines of the fime Superficies is 
faid lo be its Breadth^ and the Dillance betwixt both 
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the Ejttremes of a Line, is named its Lengtli. There 
is no Body that does not partake of this triple Di- 
xnenfion, and however fmall we fiippofe it to be, it 
\is necefiary that it ftiould have Length, Breadth, and 
FThicknefs: and that which is in a Body, and is de- 
EilitLite of all thef'e, is not a Body, but a Point; nci- 
I flier is it a Magnitude, but the Beginning or Termi- 
nation of a Magnitude. 

Solidity is that Property of a Body, where- 
("by it refifts all other Bodies that prefs it on every fide; 
iand whereby, wliilft it pofTcflts any place, it hinders 
■.all other Bodies from entering into that placo, tho* they 
Tjpre forced againft it ever fo violently. So, for exam- 
Iple, if a Body is held betwixt one's hands, tho' it is 
p.'preflbd with ever fo great a Force, it prevents one's 
'.hands from coming to a mutual Contaft. 

T H r s is that Property, whicii moft of the Peri- 
paleticks are wont to call Impenetrability; that is, 
whereby two Bodies are not fiifFcred to be in the 
fame place at once, or to penetrate each other: tho' 
I rather chuic, with an illurtrious Philofophcr of our 
Age, to call it Solidity. This Property feems to be 
lb cflcntial to all Bodies, that there is no other Being 
in Nature to which it can belong : for tho' there are 
other Ibrfs of MagniiLides, corporeal Magnitude a- 
ionc admits of Solidity; all other Quantiiies, or in- 
deed fuch as are nu Q^iantiiics, as Points, can pene- 
trate, unite, and be in the fame place. For if two 
Spheres meet each other, in the place of Concurfe 
there will be a Point ot one united with a Point 
of the other, or they will agree, or will be in the 
very fame Point of Space; So if two Cubes are equal, 
the one may be lb placed upon ihc other, that 
two of their Iquare Surfaces may agree ; name- 
ly, the Sides of one ot the Squares may coincide 
with the Sides of the other Square; and the An- 
gles of one be united with the Angles of the other, 
whcnct 
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whence thefe Quantities rniirually penetrate eacii other, 
and are in the lame place, which is inipoffible to hap- 
pen in Bodies. 

You may eafily perceive, that we ufe the word 
Solidity in a fenfe very different from that of the Geo- 
meters, who luppofc tliat Solids may mutually pene- 
trate each other. As, for Example, when Enclid, in 
the eleventh Book of his ElemcnLs, dcmonftrates the 
Equality of two Parallelcpjpedons, placed upon the 
bmc Bafe, and betwixt the lame parallel Planes; Ic 
follows, thai two different Parallelepipedods fo placed 
muft: necelTarily penetrate each other: whence it is 
manifefl:, the Geometers fuppofe their Solids penetra- 
ble. The Geometers therefore take the word Selidity 
in a fcnfe different from thatof the I'hilofophers, nei- 
ther do they oppofe their Solids to penetrable Magni- 
tudes, but to Planes, or Surfaces, to plane Angles, 
and Lines; for every thing is reckoned Iblid by them, 
that has three Dimenfions. 

B u T the Solidity of Bodies is of another fort, 
which as we have faJd thai it belongs to Bodies alone, 
lb it is common to every Species of Bodies, whether 
they are fluid, or hard and fix'd, or cafily moved and 
yielding to any Force, or very heavy, or whether 
they have but little Weight, or are abfolutely light, 
if fuch Bodies can be in Nature ; for a Drop of Water 
or a Particle of Air remaining fixed betwixt any two 
Bodies, docs not Icfs hinder the Contact of thofe 
two Bodies, than the hardcft Metal or a Diamond 
Would do. 

Last l y. By this Property, BoJy isdillinguiflied 
from another kind of Exteniion, wluch we conceive 
to be penetrable, which we call Spate, and wherein 
we behold all Bodies to be placed and moved, a: the 
lame time regarding that as immovtjblc. 

The Carteftans^ who define Body by its Nature, 
which they make to confift in Exccniion alone, allow 

of 
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of no Space or Extenfion that is not corporeal-, bill 
fince we have, or at leaft imagirre we have, an Idea 
of Space diftinft trom ihe Idea of Body; they cer- 
tainly offend againrt the Laws of good Metliod, who 
place the Nature or intimate Eirence of Body in any 
of its Attributes, which, we are not fure, do only 
belong to it, 

But the Carte/tans fay, that the Nature of Body 
cannot confift in any other of its Attributes, fincc 
neither Hardnefs, or Colour, or Weight, or Figure, 
or Talte, or any of its lenfible Qualities, can conllt- 
lute its Eflence. For all tiiefe Attributes may be 
taken from the Body, and yet the Nature of Body will 
remain; but take away Extenfion, and the corporeal 
Being is immediately deltroyed : therefore it is necef- 
fary that the Nature of Body ihould be placed in Ex- 
tenfion alone. 

This is the Argument of Cu?-/fj himfelf, tho' it 
is unworthy a Philofophcr ; for nothing can thence be 
deduced, unlefs this, that llioie fenfible Qualities that 
he mentions, are not of the Eflencc of Body, and that 
Extenfion is an Attribute necefTary and cffentialto it. 
But what then ? Cannot the fame univerfal Attribute 
agree to twoditferent Species of things? Is it ncceffary 
that all things that have the fame Attribute, muft 
have the fame Nature, and Effence? If this be fo, 
there will be no Diftiniflion, no Diverfity in things. 
Tho' therefore Space and Body have one and the lame 
eHential Attribute common to them both, yet ihcy 
arc very different things; and th^re arc other eficntial 
Attributes, ptculiar to each, wiiereby they arc fulE- 
cientiy dillinguifhed. 

In the fiiit place, the above-dcfcribed Solidity is 
proper to Biidics only, and fo eflential to all of them, 
that youcamot fo much as feparaie it fiom them in 
your Imagination, but at the very fani^ time you 
dellroy chat very Idea which you had formed of 

Body: 
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Body: wherefore if the Efience ard intimate Nature 
of Body is to be placed in fome one Attribute, Soli- 
dity certainly has a much better pretence to be that 
Attribute than Extenfion ; cfpecially when there feema 
to be a Being different from Body, which we call 
Space, to which likewife Extenfion appertains : at 
leaS^, the contrary does nor yet appear. 

Besi des that we have the Idea of this Space 
aitogecher diftir£t from the Idea of Body, each of 
them feems to be endued with Attributes, not only 
diftind and proper to themfeives, but fo contrary, 
that it isimpolTibie to imagine they could be inherent 
in the fame Subjeift. For wc conceive Body as folid 
or impenetrable, divifible and capable of Motion, 
■whofe Parts may be eafily difunited, feparatcd and 
removed from one another to any diftancc whatever r 
one Body may oppofe another Body that is moving, 
it may flrop, or a: if aft diminiiii its Morion; a Body 
Hkewifc may communicate its Motion to another 
Body that Is at reft, or moves with a lefs force to- 
wards the fame or oppofite Farts, and carry it along 
■with it. 

On the contrary, we conceive Space to be that, 
wherein all Bodies are placed, or, to fpeak with the 
Schools, have their (//'(J that it is altogether pene- 
trable, receiving all Bodies into itielf, and rcfiifing 
an Ingrefs to nothing whatfoeveri that it is immove- 
ably fixed, capable of no AAion, Form or QiJalicyj 
whole Parts it is impofliblc to ieparate from each 
ether, by any Force however great; but the Space 
iticif remaining immoveable, receives the Succeflions. 
of things in motion, dcterminesthe Velocities of their 
Motions, and mcallires the Diftances of the things 
ihemfelves. Thefe fo difagreeing and repugnant At- 
tributes of Space and Body, it is impoffible Ihould be- 
long CO the fame Subjeft. 
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The Ci7r/^iZ«j perhaps may reply. That this Idea, 
which we have here given of Space diftin^ from Body, 
is altogether imaginary and chimerical,' the like to 
which cannot, they fay, be made to exift in the Na- 
ture of things, by any Power whatfoever. Bat we 
are ready to demonftrate againft the Cartefiami tiiat is 
truth there is given a Space diftind: from Body; or, 
in other Words, that Space and Body are not the lame 
things: but we fliail firft of all obfervc, that we do 
not now intend to prove the real Exillence of Space 
void of all Body, for that we Ihall do in another 
Ledure; we Ihali at prefent be content, oniy to Ihew 
the PofTibility of it. 

Let us fuppofe then any VelTel, and let it at firft 
be filled with Air; then let the Air contained in 
this Vellcl be exhauftcd, or, if you will, annihilated 
by a Divine Power, and let all other Bodies what- 
ever be hindered from entering into its Place: I would 
now a(k, whether in this Cafe there is not given a 
Space void of all Bodies? All that Body which was 
within the VelTel is deftroycd, the Ingrcfs of any other 
Body is prevented, and the Form of the Veflel is 
fiippofed to bepreferved; it feems therefore to be 
receflary that a Vacuum, or a Space not replete with 
Body, is given. The Carte/mm may anfwer, That 
on thefe Suppofitions the Sides of the Veflel muft fail 
in, and neccllarily approach one another. But fince, 
according to the Cartefians themfelvcs, no Body cati 
move of itfelf; and fince, by Hypoihefis^, there is 
no other Body that forces the Sides of the VelTel to- 
wards one another j it therefore follows, that the 
Sides will not approach one another. They will 
fjy, perhaps, that the Air diffufed every way, and 
prefling on all hands the Sides of the Veffci, will 
caule that Motion. But fince the Prefliire of the 
Air is of a finite Force, the Strength of the Vef- 
lel may be fufficicnt to balance that Prefllire, and 

confc- 
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confequently its form wiil be prefcfvcid. But let us 
grant that its Sides may tall in, I demand, what 
Body will fucceed into tlieir place? (They will an- 
fwerj The Ajr. What Botly will polTds the Space 
left by tluc Air? (Perhaps tht^ wjil fiy.) More 
Air.^ IJLit we miifl: ftop fomewherc, and at length 
come to Ibme Body, into whofc place no other Body 
will fiicceedj tor it is abfiird to goon ihm W ;'»/- 
ttiiim: therefore in that cafe, it is nccefl'^ry to fup- 
pofe a Vacuum. 

But we (hall alio fhew, by an invincible Demon- 
ftration taken from Geometry, at Icaft the poflible 
Exiftence of a Space void of all Body: cjwards 
which Proof, we Ihall premife the two following 
Affertions, or Axioms, whole Evidence no Philofo- 
phcr will call in queftion. The firll: is, That no B.:idy 
Or Portion of Matter ftands in need of the Exilltnce,^ 
of another Body, in order to its own txi.lcncc. As,' 
for example, a Sphere may eXtft, whether any other 
Body exiftsornot; this evidently follows from the" 
Nature of Subrtance. Secondly, Any Body, efpe-* 
cially if it be hard, can preferve its Figure, if there 
are no external Bodies or no Agents, which endea-.- 
voiir to induce an Alteration in it. Certainly it rriiift 
be confelTed, that God can preferve any Body in the 
lame State and Pofition ; and whatever may happen 
externally, he can notwithftanding continue the Fi- 
gure of that Body immiuable. 

Since thertfore one or two Spheres may exllj, 
without the Exigence of any other Bodiesi let ti 
ftrppjfe ah other Bodies, except two Sphere;:-, to bft 
annihilated by God; or ratli;r let us fuppol'e all the 
Matter m the Univcrfe to be amaffed into two 
Spheres, which may be reprefented by two Circles, 
whole Centers let be A and B : and fince no other 
Body is fuppofed to exift, thofe fpherical Bodies n.ay 
pref^ve their Figure, there being no other external 
C Body 
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Body either todeftroy or alter it. Tliffe two Spheres 
then are either contigijouB or diftinited; if they arc 
disjoined, there will be: an intermediate Space replete 
with no Body, and therefore ail Space is not Body ; 
But if thcfe Spheres touch one another, it is neceffary 
that they touch one another in one Point only, by the 
Elements of Geometry : therefore betwixt the other 
Points of the Spheres there is fome Diftance, that is,, 
fome Space will lie between. For out of the Point of 
Conrad let there be taken any two Points, as D and 
E ; if betwixt ihefe Points there is no Space, that is, 
310 Diftance, thcfe Spheres will touch one another in 
ihefe Points, which is impofTible. 

AcAI^f, That there is a Space void of all Body, 
may be thus fliewn. Let us fuppofe two Spheres, in 
which ail the Matter of the Univerfe is accumulated, 
and that thefc two Spheres are equal j in both which 
let be accommodated the right Lines CD, C E, each 
equal to the Semidiameter of cither Sphere, join 
D E ; this right Line will be equal to the SeOiidiame- 
Her of one of the Spheres. For, draw AD, BE, and 
becaufe in the equilateral Triangles A C D, BCE, the 
Angles ACD, BCE, are each the third part of two 
light Angles, the Angle DC E will be equal to the 
third part of two right Angles; for all the Angles at 
the Point C, make two right ones : whci.ce fince DC, 
CE, are equal, the Angles CDEand CED will be 
iikewifc equal i but taken together, they make two 
Thirds of two light Angles : wherefore each is one 
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third part of two right Angles, whence the Triangle 
1) C E is equi-angular ; and confequcntly, D E will be 
equal ro the Semidiametcr of each Sphere, nor in ihis 
cafe can it be more or leis. In like manner, betwixc 
any other Points of the Spheres out of that ofCon- 
radtC, there will be fome Diftance^ having a determi- 
nate Hacio to the Diameter of the Spheres ; and there- 
fore there will be betwixt ihefe Spheres a. certain and 
determinate Space, not replete with Matter ; but 
into that Space may be admitted a Body, wliofe Di- 
menfions agree with thefe Diflances-, but what has 
greater Dimenfions, cannot by any Power whatever 
be placed within that Space. Whence, fince thefe 
Properties demonftrativeiy agree with the 5pjce here' 
Ipoken of, and that Space may really cxilV, tho* 
no one ftiould think at all, it evidently follows a- 
gainft the Cartefidm, that the Idea we have of Space, 
is not chimerical or imaginary ; for what is chimeri- 
cal, can have no cxiftence out of the Intclleft. 

\V E conclude therefore, that there is in reality a 
Space diftinft from all Body; which is as a univerfjl 
Receptacle, wherein all Bodies are contained and mov- 
ed. But what is the Nature of this Space, whether it 
any thing pofitive, adiually extended in icfelf, and et 
dued with real Dimenfions, or whether its ExteO' 
fion arifes from the Relation of Bodies exifting ir 
fo that it may be a mere Capacity, Ponibiiity. 
Interponibility, as feme love to exprefs thcmfelves, 
and to be reckoned in the fame Clafs of Being with 
Mobility and Contiguity, or whether this our Space 
is the divine Immenfity icfelf, which is throDgii all 
and in all, or whether it is created or uncicattd, 
finite or infinite, dependent or independent on God \ 
lh?fe things we do not here enquire into, but leave 
ihem to be difputed by die Mctaphyllcians, It_ 
•ferves our turn to be able to explain fome of its 
Properties, and to eftablifh and dcmoniltate its Di- 
C 2 ilinition 
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ftirftion and Nature to be different from that of 
Body: They who would have more, may confult 
Philofophers. 
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LECTURE III. 

Of the Divijthility of Magnitude, 



|LTHOUGHitmaybedemonftratedby 

I many Arguments, that Space is really di- 
I ftint^t from Body, and wehave already pro- 

•, ducedfomc, thatfeem tobe unanfwerablej 

t both (hefe things agree in this, that Extenfion is a 
univcrlal Attribute, ncceflarily and enentially belong- 
ing to both of them. Before therefore we proceed 
any farther, it may not be foreign to the purpofe to 
explain fome general Affe£tion of Extenfion ; as for 
example, its Divilibility. 

Th IS Property of Extenfion appertains and nc- 
ceflarily adheres to all Species of Magnitude, as well 
to Lines as Stirfaces, and as well to Space as to 
Body. By Divifibility we would not here be under- 
llood to mean an aftual Separation of Parts from one 
another, which fuppofcs Motion, which indeed the 
Nature of Space does not admit, nor do the De- 
monftrations borrowed from Geometry prove fuch a 
Separation; but the Divifibility that we here endea- 
vour to evince, is only the Refolution of any Mag- 
nitude into its Parts, or their Dirtinftion and Af- 
iignment. As, for example, when Euclid, in the 
ninth Propofition of his third Book, teaches hciw to 
cut a re£liiinear Angle into two equal Parts, he does 
not in that Method undertake to ftiew, how one of 
the equal Parts being feparaicd from ihc other, re- 
cedes 
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cedes and is placed from ic at a given Diftance; 
only delivers a Method, wliereby a Line maj 
drawn, dividing the Angle in fuch a manner into 
two other Angles, that the Angle which lies on one 
fide of this Lire, fliall be equal to the Angle that 
Jles on the other fide the fame Line. So fikcwife 
when, in the following Propofiiicn, lie teaches how 
tobifeftany right Line, he only flicws Jiow toalljgn 
a middle Point, dividing the given right Line into 
two equal Parts, wiiich Point is the common Ter- 
mination of both the Parts; namely, where one of 
the equal Parts ends, and the olhcr begins. This 
Keiblution of Magnitude inio its Parts, is fo inti- 
mate and cflential to it, as that which lias no Paris, 
as, for inftance, a Point, is not r.iid to bt^ a Magni- 
tude, biit the Beginning or End of Magnitude : nor 
can any Magnitude be produced by any Number of 
Points, tho' infinite; tor every Magnitude is not 
compotuidcd of Points, but Parts, that is, other 
Magnitudes of the fame kimi, whereof every one is 
conrtituted of other Parrs, and each of thefc is l^iU 
made up ol others, and fo on in ivfinimm: nor can 
we ever arrive at a Magnitude )b fma!I, but it may 
be yet farther divided ir.to Parts; nor is there given, 
in any Specie:; of Magnitude, an ablbliile Minimum^ 
but whatever is divided, is Hill farther divifibte into 
Parts. This conftant farther Refolution of Matter 
into Parts, is by the Philofophers calk-d its Hlviftbi- 
lity in infifiiSum; and that ve:y truly, firce there can- 
not be afligned any Quantity of Matter fo minute, and 
any finite Number To great, but that the Number of 
Parts cocnpofing that Magnitude, that is, into which 
it may be refolved, fliall be greater than tiiac Num- 
ber, how large focver it be ; for ixe call that hfiniie, 
vihieb exceeds nuy Finite. 

But becaufe this inflnire Divifibility of Matter 

cqp be demonflratcd by Arguments taken from petj- 
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metry, and fince there are now-a-days fome Philo- 
ibphers who attempt to banifh Geometry out of 
Phyficks, by reaf'on they are ignorant of that divine 
Science-, and as thefe Gentlemen would be reckoned 
amongft the tnoft Learned, they leave no means un- 
tried, whereby, tho' in vain, they may overturn the 
Force of thefe Demonftrations: It will be therefore 
necfflary, before we produce our Geometrical Argu- 
ments, to eftablilh their Strength, and to anfwcF 
fome Objeftions. 

As amongft the Philofophers of this Claf?, the 
famous John Saptift du Hatnel^ the Author of the 
Bur^undian Philofophy, is of the greateft Eminence j 
we Ihall produce liis Opinion on this Subjeift. He 
fays then, that Geometrical Hypothefes are neither 
true nor pofTible, fince neither Points, nor Lines, nor 
Surfaces, as the Geometers conceive them, do truly 
exifl: in the Nature of Things; and therefore that the 
Demonftrations that are produced from thefe, cannoE 
be applied to things adually cxifting, when none of thefe 
cxift any where but in our Ideas, He defires therefore 
the Geometers to keep their Demonftrations to themr 
icives, and not to make ufe of them in Philofophy, 
becaufe, according to him, they fpread over this 
Science not Light, but Darknefs. I admire at the Unr 
fkilfulnefs of this otherwile mofl: Learned Perlbn, in 
this Affair: he might certainly with the fame Juflice 
take away all Phyfical Suppofitions whatfoever, fmce 
Geometrical Hypothefes are equally certain and Cr 
qually poflible and real, as are thofe, which he calls 
Phyfical. Certainly if Body exifts, there muft of nc- 
ceffity exift real Points, real Lines, and real Surfa- 
ces, even fuch as are conceived by the Geometers ; as 
we can eafily make appicar. For if Body be given, 
that, fince it is not infinite, has its Terminations; 
))ut the Terminations of Body are Surfaces, and 
thofe Termin^rions have no Pepth: for if they had, 

they 
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they woukl thereby be Bodies, which Bodies would 
have ftill otiier Terminations, which would be Sur- 
faces, and therefore chere would be; a Superficies^,] 
of a Superficies, Either then this Superficies is de- 
ftitute of all Depth, or not: if the firft, we have 
what wc require; if the latter, we come again to 
another Superficies, and fo we fliould proceed in in- 
finitum., which is abfurd. Wheicfore we muft con- 
clude, that thofe Terminations are deprived of all 
Depth, and are therefore true Surfaces, and as ihcy 
are conceived by tiie Geometers without any Dfpth, 
or fuch as have oniy Length and Breadth to cuoftitute 
their Eflence. 

Again, Since this Surface is not infinite, it is 
likewife bounded by its Terminaticas ; but thofe 
Terminations are called Lines, which have really no 
Breadth : for otherwise they would be Surfaces, 
and would have alfo their Terminations, which we 
ought to conceive at ieaft deftitutc of all Breadth i 
for, as we faid before, there cannot be given a Pro- 
greflion in injinitum ; whence there are really given 
Lines, which are only extended in Length, without 
any Breadth. After the fame manner. Lines alfo 
have their Terminations, which are called Points, to 
which belong neither Length, nor Breadth, nor 
Depth. Wherefore if Body may be ftippofed to exift, 
jc neceffarily follows, that Geometrical Surfaces, 
Lines, and Points, may be faid not only as poflible to 
be, but alfo to be aiftually exiting. 

But it will be anlwered. That thcfe Points, 
Lines, and Surfaces are not material. What then ? 
Who ever aflerted that a Mathematical Point was 
Matter? Who ever fancied a material Superficies? 
If it was material, it would have its Superficies or 
Termination : but the Superficies of a Superficies, 
who ever imagined? However, tho' neither Sur-* 
faces, nor Lines, nor Points are real Matter; yet 
C 4 they 
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they exift or may exift in it, as its Mod«, 

tions, or Accidents: juft after the fame i 

Figure IS not Body itfelf, biic only its AfFedlion,' 
whc.'cby it is contained under given Terminations, 
and this has real Properties wholly diftinft from th ofe 
of Body. 

A M D again our ungeometrical Philofopher^ 

objefl. That there is not in Nature a perfeftly \ 

Superficies, a Body perfeiStly fpherical, fuch as the 
Geometers feign, nor any Curve perfeiftly circulat. 
But how come they to know all this? Have they 
fcen aii the Bodies that arc in the Univerfe, and 
view'd them thro' a Microliopc? Perhaps tliey wiil 
fay, that a Superficies cannot be plane or fpherical, 
bcc.mfe in theie Figures there is a Coniradiftion and 
an Impotfibility. But we defire they would be 
pleafed to make out this Contradiiftion : All Bodies 
of necefiity are terminated by fiime Figure, plane or 
fpherical Surfaces are the moft fimple and eaficft to 
be conCL-ived of any ; where then lies the Repugnancy, 
that it ihould be impoflibie for a Body to be con- 
tained under ihefe Surfaces? I believe there is no 
one who is acquainted with the Elements of Geo- 
rTirtry, but perceives more the Nature and Properties 
of thel'e Figiires, and knows more of their Affedlions, 
than all the Philofophers of this fort put together: 
b-Jf none of thofe ever lound any Repugnancy in 
rlufe Figures; no Gcomcrer ever fufpefted thefe 
Cuiuradidions in riie Nature of Figures: on the 
contrary, lb many btautiful Properties of thofc Fi- 
gures dilcovered and demonllratcd by the Geometers, 
<:vince their Poflibility, for of an impoITible thing 
there can be no real Property, no Demon (Iration. 
It remains ther;-fore, that they acknowledge thefc 
Figures as poffiblcj and if they arc poUible, it is in 
the power of God to form out of Matter, Bodia 
hpving fuch Surfaces. Let us therefore 
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\ vtiQ Bodies, whereof one is terminated by Planes, 
the other by a fpiierical Superficies; if therefore ihc 
fpherical Superficies is placed on the TUnc, it will 
touch it; bii: it will touch it only in one, and that 
an indivilible Point, or in a Point that has no Parts, 
L by Cor. Prop. 2. EL 3. and therefore in that cafe there 
I will begiven a true Point. But farther, let us ftippofi; 
fc this fpherical Body to be moved on the plane Super- 
ficies, or to be carried along without any Rotation 
about its Axis, infomuch that ihe Point touching 
the plane Superficies may be always found in the 
fame Plane; then the Traft which that Point de- 
Icribes by its motion, will be a Mathematical Line, 
■without any Breadth; and if the Diftance betwixt 
any two Points in that Plane is the (horteft, there will 
be generated by chat Motion a right Line; but jf 
otherwift, either a Curve, or one compounded of right 
Lines, or partly of thefe, and partly of thoic, will be 
defcribed. Points therefore. Lines, and Surfaces, 
even fuch as the Geometers concetve or feign, are 
pofilble-, which was to be fliewn. And their Poffi- 
bility may be demonftiated after innumerable other 
vay^} but we are weary of dwelling on thefe Tri- 
fles. We fliall only farther obferve, that the Diltance 
betwixt any two Points of two Bodies, will be their 
^veji and determinate Diftance; As, for example, 
jhe determinate Diftance betwixt the Centers of the 
$un and a fixcti Star, is that which is meafurcd by 
-a right Line lying betwixt thofe two Points ; which, 
of all the Lines that can be drawn from one Point 
10 the other, will be the ftiorteft, and palled over in 
,*hc leafl time with a given Velocity: this Diltance, 
J fay, will remain the fame, whatever fhall happen 
to be the Figure of the intermediate Body, whether 
it is bounded by Planes, or contained under fpheri-. 
|Cal Surfaces, or laftty if there Ihould be no inter- 
piediace Body, and nothing but Space lie betwixi; 
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I the Line will remain the fame in Magnitude and 

wk Pofition, as long as the Centers of the Bodies remain 

^^^^E unmoved, 

^^^^V ' HAviNcnow fettled thefe FrincipleSt we return 
^^^^K to our Purpcfe ; which was to demonstrate that all 
^^^^H.* Extension, whether corporeal or incorporeal, was 
^^^^B,divi(ible in vifinitum, or had an infinite Number of 
^^^^■TartS] which we Ihail endeavour to prove by many 
^^^^Flimncible Arguments. Of which, this ihall be the 
^^^^ft^rft: Let ABrepreJent a right Line, I fay it is di- 
^^^^Pvifible into Parts exceeding any finite Number what* 

Th rough a let be drawn any right Line A C^ 
tnd parallel to it let be drawn through B the right 
Line BD, and in AC let there be taken any Point, 
as C: if therefore the right Line AB is not divifible 
into an infinite Number of Parts, let it be divifible 
only into a finite Number of Parts ; and let that 
I^umber, for example, be fix. In the Line BDon 
the fide oppofite to C, let there be taken any Num- 
ber of Points exceeding fix; for Example, the Points 
E, F, G, H, I, K, L, and let there be drawn by the 
firft Poftuiate of £kc/(V, CE, CF, CG, CH, C f , 
CK, CL. Thefc thus drawn, divide the right Linft 
A B into as many Parts as there are right Lines-, for 
if they do not, then fome of the right Lines intcr- 
feft AB in one and the fame Point: but all of them 
tntcrftfct one another in the comqjon Point C, whence 
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fome two right Lines will cut one another twice, or 
will have the fame common .Segment; both which is 
contrary to an Axiom in the Elements. A B is there- 
fore divided into as many difFerenc Parts, as there 
are right Lines j but there are as many right Lines, 
^ there were Points taken in the right Line BD: 
wherefore fince there were taken more Points than 
jBx, the right Line A B is divifiblc into more Parts 
than fix. After the fame manner, how great foever 
the Number aiTiimed fhali be, it may be Ihewn that 
fhe Line AB is divifible into a Number of Parts 
greater than that Number i namely, by taking in 
the right Line B D a greater Number of Points, 
(which may be cafiJy done, fince no finite Number 
is fo great, but a greater may be afTumed, and that 
in any given Ratio of a greater Inequality) and by 
(drawing right Lines from the Point C to the Points 
taken in the right Line B D : for thefe right Lines 
will divide the right Line AB into as many Parts, 
as there are right Lines, and therefore into more 
Parts than the Number firft affumed (how great fo- 
ever it was) contains Units; and confequently the 
right Line A B is divifible into more Parts than can 
expreffcd by any finite Number, and therefore it 
is divifible in infinilmn. ^ E. D. 

The fecord Argument. Let ABreprefent any 
fight Line, I fay it is divifible into an infinite 




i?umber of Partsj for if it is not divifible into an 
[ infinite Number of Parts, let it be divifible into a 
I finite 
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finite Number of Parts; and let that Number be, 
example, five. Let any right Line A K be drawn, 
'ting any Angle with A B, and in ir, produced if 
:flarj', let there be taken as many Points as you 
fe above five, which let be C, D,E,F, G, H, K; 
Join KB, and throiigli the Points C, D, E,F,G,H, 
let right Lines be drawn parallel to K B : theft will 
neceflarily divide the right Line A B into as many 
Parts as there are right Lines; for ifth?y do not, 
more right Lines mull concur in one and the fame 
Point: but they cannot concur, fince they are pa- 
rallel; whereibre each right Line will interfeft the 
right Line AB in a different Point, and aU will rli- 
vide the right Line AB into as many Parts, as f;,cre 
were right Lines drawn parallel. Bur there were 
more drawn than five, therL-fore the right Line AB 
will be divided into more Parts than five. And the 
fame may be affirmed of any other Number. Where- 
fore no Number is fo great, but the Number of 
Parts the right Line is divifibie into, is (till greaterj 
and confequently the right Line AE is diviGbie in 

Th 1 R D L Y, If Quantity is not divifibie in hifni- 
iUTBt it muft be divilible into Parts, that are not far- 
ther divifibie; but, there is no Part that cannot be 
ftill farther divided, bccaufe there can be given no 
Qoancity fo fnia!), but there may be ftill taken 9 
fmaJler, and that in any given Ratio of lefler Inequa- 
lity. For let AB be a right Line, and let A C be 
an exceeding fmall Part of it; I fay, there may be 
a Line Jefs than A C in any Katio of lefs Inequality, 
as, for example, one to dirce. From the Point A 
draw any right Line AD, and in it let be taken the 
equal right Lines A E, F.F, FG; join GC, and 
ihrough E draw E H parallel to G C, the right Line 
AH will be a third Part of AC: The Demonftration 
thereof is manifcft from the nimh Prvpofition ef ibt 
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Jixtb Book of the Elements. And therefore the right 
Line A C will not be the leaft that can be taken. The 
fame may be demonftrated of any right Line what- 
foever ; confequently there is not in Nature an abfo- 
lute Minimum. 

Again, If Quantity was composed of Indivifi- 
bles, many Abfurdities would thence follow : for let 
there be, for example, two concentrick Circles, 
A BCD, EFGH, and let the Circumference of the 




greater be divided into its indivifible Parts, arid let 
be drawn from the Center Qjto each of thefe Parts, 
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the right Lines QOM, C^PN, which will dividtf 
both the Circumferences into an equa! Number o^ 
Parts, but the greater Circumference A B C D was 
divided into its fmalleft Parts ; and therefore the Jds 
Circumference EFG will confift of as many Indivi- 
fibles, or fmalleft Parts poflible, as the greater Cir-' 
cumference ABC: And confequently fince an Indi* 
vifiblc is equal to an Indivifiblc, the Circumference 
EFG H will be equa! to the Circumference A BCD, 
alefs tea greater, which is abfurd. 

Lastly, From this Compofition of Quantity of 
Indivifibles, there can be no incommcnfurate Magni- 
tudes! which is contrary to what the Geometers 
frequently demonftrate. For if all Magnitude con- 
fifted of Indivifibles, an Indivifible would be an 
adequate and common Meafure of all Magnitudes of 
the fame kind; for it would be exaftly contained 
fome number of times in all, and therefore all Mag- 
nitudes would have a common Meafure, and the Side 
of 3 Square would be commenfuratc to its Diago- 
nal ; Contrary to the laft Propo/itton of the tenth Book 
tffEuclid'j Elements, 

There might be innumerable other Demonftra- 
tions produced, to fhew the infinite Divifibiliiy of 
Quantity, and entirely to overthrow the Hypothefis 
of Indivifibles. But what occafion is there for more ? 
fince the Arguments hitherto alledged, have not left 
force to compel the Afient, than any Demonftraiior. 
in Euclid*^ Elements; infbmiich that it is as impofTible 
to weaken them, as to deftroy the Fundamentab of 
Geometry, which no Age or Sedl of Philofophers 
has been ever able to efi"c6t. 

That therefore the Philofophers may avoid the 
Force of thefe Arguments, they dillinguifli betwixt 
a Mathematical and a Phyfical Body. Being ci>m- 
pelled by the Force of Demonrt ration, they readil/ 
allow a Mathematical Body may be divlfible in infi' 
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nilum', but they deny that a Phyfical Body can be 
always refoivcd into ftill fanher divillble Parts. But 
'hat, I would know, is a Mathematical Body, but 
imething extended into a triple Dimenfion? Does 
hot Divifibihty belong to a Mathematical Body, by 
rcafon it is extended ? But a Phyfical Body is ex- 
tended after the lame manner ; wherefore fince Divi- 
;bilicy depends on the Nature and Eflence of Ex- 
tenfion itfelf, and owes to it its Origin, it is neccf- 
fcry that it muft agree to all Extenfions, whether 
Phyfical or Mathematical. For, to ufe a Logical 
Expreffion, whatever is predicated of any Genusy is 
predicated of all the Species contained under that 
iCettuj. 

There is yet another Diftinftion amongfl: the 
Philofophers, not unlike tiie ft^rmer ; whereby they 
own that every Body is mathematically divifible in 
ififimtumy but they deny that it is phylically fo. If 
thefe Words have any Meaning, it is certainly this : 
They acknowledge that a Body is mathematically, 
(hat is, really and demonftrativcly, divifible in inji- 
tatUfit, but they deny it to be fo phyfically, or accord- 
ing to their falfe HyfolUfts : and fo tht y have a Di- 
ttindion, againll which nothing can be replied, 
, B r T becaufe the Philofuphcrs, againtl whom we 
iifpute, are not acqu:iintcd enough with Geometrical 
Demonftrations, and therefore do not eafily perceive 
their Evidencei before we end this LtCcure, we 
[b all produce one Phyfical Argument taken from 
Motion, for the infinite Divifibility of Qyantity: 
pamely. If Qtiantity confided of Indivifibles, it 
I'ould follow, that ail Motion would be equally 
wifr, nor would a (low Snail pafs over a lefs Space 
a the fame Time than the fwift-fooced Abillcs. For 
ct us fuppofe Achilles to run very fwiftly, and the 
bail to creep nuggifhly along; if ExtenGon con- 
ifted of Indivifibles, the Snail could not in any given 
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Time pafs over lefs Space than Achilles: for if in 4 
Moment's T\mt Achilles paflis over an indivifible Space, 
the Snail cannot in the fame Moment of Time pad 
over lefs Space ; by rcafon, from the Hypothefis, 
there cannot be a kfe. Lor one Indivillble cannot be 
kfs than another, therefore it will pafs over an equal 
Space The fame may be faid of any other Moment 
ofTmie; Therefore tlie Spaces palTed over by them 
both will be equal ; and confequc-ntly the fwift-t'ooted 
Achilles cannot pafs over more Space than the Iloweft 
Snaii : which is abfurd. Other Ablurdiiies of the 
like fort, may be deduced from the fame Hypoihefis 
of Indivifiblcs J but what we have already faid, is 
fufficienr. 

LECTURE 

Wherein the ObjeSHom ufually brou 
agatnjl the Divijibility of Matter, 
are anfwered. 

?U^ E have hitherto produced fiich Ai^umentv 
h as by their help we have fufficiently demon- 
■ ftrated the continual Divifion of Matter in- 
to an infinite Number of Parts : it now re- 
mains, that we anfwer to the Objediions or 
Cavils of the Philofophers, For there are not a few of 
them, who labouring under I know not what Oblcunty 
of Ideas, and not clt-arly enough perceiving the Evi- 
dence of the Argiimirts we have licrc made ufe of, 
produce Arguments ot their own againft a thing fo • 
manifcftly iruc, and to winch they arc alfo pkafcd , 
lo give the Tide of Dcmonrtiations. But as I have j 
pciufcd 
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peralcd many ot their Bonks, I never Ht on any 
iJiing in all their Writings upon this head, that had 
fo much as the very Appearance of Reafon: they 
■Vfcre fo far from coining up to Demonltratlons, that 
no Geometer, however cicar-fighted lie was, could 
ever perceive in them the leafb Shadow of a Dsmon- 
Ilration. I acknowledge there is foniething in the 
Nature of Infinites, that fecms not to be adequately 
comprehended by the human Intellect; and there- 
fore it is no wonder, if fomc things follow from it, 
■which the Mind of Man, involved in [hick Darknefs, 
is not able to conceive : and efpccially in our prcfenc 
Queftion, there are many things that may leem as 
Paradoxes, and incredible, to fuch Philofophers, who 
are left converfant in thcfe Matters, However, no- 
thing thence follows, that implies either a Contra- 
diiftion, or is repugnant to any Axiom or Demon- 
ftraiion. But let us confiiler the Cavils produced by 
the Atom'ica! Philofophers. The firfl: is that of £^/- 
curus: If Q^iintity Was divifible /» ;K;f«/VH?n, it would 
contain .Tn infinite Number of Parts, and fo a Finite 
would contain an Infinite, which is abfurd. But I 
defire they would explain their Terms, and tell us 
what they mean by thefe words, /lit Infintts cannot he 
contained /'}■ a Fimle. If they fay an infiniie Magnitude 
cannot be contained in a finite Magnitude, 1 acknow- 
ledge itj btit the contrary to this does not follow from 
our Doftrinc, nor can they thence ever deduce it by a 
neceflary Confequence. If they fay that an infinite ■ 
Number of Parrs, and thofe infinitely fmall, cannot be 
contained in a finite Magnitude, this is the very 
thing they ought to make out. They would not, I 
flippofe, have us believe their AflVrtions without any 
Proof; r.or would they place amongft the Axioms, 
as a fclf-evidi^nt Propofition, fuch a one, as we have 
'demonflraTed by fo many ttrong Keafons the contrary 
lu be iru;. They may therefore urge, that an infi-v i 
O nite I 
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nite Number of Parts muft compofean infinite Mag- 
nitude: but this is again to beg tiie queftion i for 
that is the thing itfelf about which wc difpute, viz. 
Whether a finite Magnitude can have an infinite 
Number of Parts? It is certain, whatever Number 
of Parts it has, whether finite or infinite, they are 
equal to their Whole j for as ten tenth Parts of an 
Unit make an Unit, an hundred hundredth Parts of 
an Unit taken together do likewife compofe an Unit, 
and a ihouland tlioufandth Parts collefted in one 
Sum cannot be greater than the Whole; fo likewife 
the infinite infinitefimal Parts of any Magnitude arc 
equal to that Magnitude. Orthus: Let the right Line 
A B be divided into an hundred Parts ; all thcfe taken 
A B - 



C— C: AB:: I :N ^ 

together will be equal to A B. And after the fame 
manner, if the right Line A B be fuppofed to be 
divided into a thoufand Parts, thefe thoufand Parts 
taken together will compofe a Magnitude neither 
greater or Icfs than the right Line A B. Or again, 
if the right Line A B be divided into a million of 
Parts, thefe taken together will be equal to A B the 
Whole. And univerfally, if there be taken two 
Magnitudes A B and C, fo that C (ball have the 
fiimc Ratio to A B, as a Unit has to any Number N, 
the Qirantity C multiplied by the Number N wiU 
he equal to A B. For fince the Quantidcs C, A B, 
Unity and the Number N are Proportionals, the 
Extremes and the Means multiplied into each other 
will be equal; but fincc A B multiplied by a Unit 
is equal to A B, (for a Unit neither increafes by 
Muliipliration or diminifhes by Divifion) the Quan- 
tity C multiplied by the Number N, will be equal to 
A B: thcrclore however great or fmall the Number N 
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is, this multiplying the Quantity C will always make 
a Product equal to A B, if tlic Quantity C be fo 
taken, that it has the fame Proportion to A B, as 
Unity has to the Number N. And therefore if N 
is an infinite Number, and C the infinitefimal Pare 
of the right Line A B, that is, the Quantity C has 
the fame Ratio to A B, as a Unit has to an infinite 
"Number N ; alfo the Quantity C multiplied by an 
.infinite Number N, that is, taken an infinite number 
of dmes, will be equal to the Quantity A B, nor as 
it can be greater, neither can it be leis. If therefore 
the Magnitude of the Parts is diminifhed in the fame 
Rado as their Number is incrcafed, the Whole made 
up of all thefe Parts will remain the fame: nor ought 
any Quantity to be meafured from the Number of its 
Farts, but from their Number and Magnitude con- 
jointly; fo that if the Parts are infinitely fmall, it is 
neceffary that their Number (hould be infinitely 
great, before they can exceed any given Quantiiy. 
But befides, there may be many Examples brought 
both from Arithmietick as well as Geometry, where, 
by the confeflion of our Adverfaries themfelves, the 
Number of Parts will be infinite, but the Magnitude 
compofed of thofe Parts ftiall be finite. Let the 
firft Example be a Series of Numbers decreafing in 
any proportion, which fhall be equal to a finite 
Number, as, for example, t, I, i, t., tV, i^^^c. the 
Sum of this Series continued in infinitum will be 
equal to a Unit; but fince the Series is continued 
in infinitum^ its Terms will be infinite in Number: 
wherefore in this cafe the Parts of a Quantify, that 
arc infinite in Number, will make a finite Quantity. 
And in like manner the Sum of this Series, t, i, tV» 
tV, iSc. when continued in infinitum^ will be equal 
to half an Unit, as may be demonftrated by Arich- 
metick. But no body will deny, that this Series, 
being cgndnucd in infimtwny has an infinite Num- 

D a bcr 
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ber of Parts i wherefore there may bp aD infinite 
Number of Parts of a Quantity, which however 
Ihali not exceed one half or an IJnit. And in Geo- 
metry it is known that there may be given a Space 
infinitely long, which however fliall be exaftly equal 
to a finite Space; and this in an infinite number of 
Examples has been demonftrated by the famous Geo- 
meters, Torricellius, WaUis, Barrow, and others ; from 
whom we Ihall produce a few Inftances. And firft 
of all, let the Curve A E C D be of fuch a nature, 
that if there are taken in the Afymptote E H the 
equal right Lines EF, F G, G H, or the right Lines 
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EF, EG, EH are fuppofcd in Arithmetical Pro- 
portion, and to the Points E, F, G, H, areapplicd the 
Ordinates AE, BF, C G, D H, which Ordinates let 
be in a Geometrical Proportion: theCurvcABCD is 
call'd the Logaiithmetical Curve, and theendlefs Space 
contained betwixt the Afymptote and the Curve in- 
finitely produced, will be equal to a finite Space, as 
is demonftiaccd by the Great Dr. Barrow in his Gee- 
metrical LeHures. Whence may be (hewn the above- 
mentioned Property of Numbers dccreafing in any 

Geo- 
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Geometrical Proportion. But that we may applv 
his to our preJent Piirpofe; nobody will deny that 
there are, in the boundlefs Space HGFE ABCD, 

which is infinicely long, an infinite Number of Parts, 
but the Geometers demonftrate all thofe Parts to be 
equal to a finite Space; wherefore there are ibtne 
Parts of Space, tho' infinite in Number, yet they do 
not make an infinite, but a finite Space. After the 
feme manner, in all Hyperbolas, except that al Apol- 
lonius, the Area contained betwixt the Curve and 
the Afymptote infinitely produced, will be perfeftly 
quadrabic, and equal to a finite Area; but in all 
thelc Areas there are an infinite Number of Parts, 
wherefore an infinite Number of Parts will be equal 
to a finite Qiiantity. Btfides, in the Apollonian Hy- 
perbola CAB, although the indeterminable Area 
contained betwixt the Curve AB and its Afymptote 
EF produced in injimtum., is an infinite Area, or 
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Igrcater than any finite one; yet If tliat infinite Area 
prtvolves about its Afymptote, it will thereby genc- 
I rate a Solid, or Body truly infinitely long, which 
Inowcver will be equal to a finite Solid or Bodyi as 
D I ba» 
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has been tnofl elegantly demonftrated by T^rricelSM 
who called [his Solid, Hyperboltcum acutmn: bm 
this Solid there are an infinice Number ot Par 
fince it is infinitely longs therefore the Parts o^ 
Bndy infinite in Wtmiber, may compofc a finite Bo( _ 
We might produce innumerable other Examples of 
this, but we have perhaps bellowed too much time 
in anfwering this Objeftion. 

Secondly, The Atomifts obje<5V, If all C^an- 
tity is divifible in infinitum, any the leaft Magnitude 
will be equal to the greateft, fince the Icall has as 
many Parts as the grcatert. But what confeqnencc, 
I pray, is this? Becaiife a Yard may be divided into 
an hundred Pans, andaFootmay be likewife divided 
into the fame number of Parts, therefore does it 
follow that a Foct is equal to a Yard? But there 
can be nothing found more alike, than this Way of 
Argumentation and the prefent Obje^ion-, which 
is grour.ded on a moft falfe Hypothefis, which fup- 
pofes that Magnitudes are to be meafured by their 
number of Parts aionc, without any regard to their 
Quantity. 

Thev farther objeft, If a Foot may be divided 
into infinite equal Parts, and a Yard may be fo di- 
vided, that every Part of the Yard may be equal to 
one of the Parts of the Foo't, the Number of Parts 
in the Yard will be triple the Number of Parts in 
the Foot J whence fince the Number of Parts in the 
Foot is infinite, the Number of Parts in the Yard 
will be triple that infinite Number, whence there 
will be given an Infinite triple of another Infinite. 
But whence do they learn that this is anAbfurdity? 
Does it contradict any Axiom commonly received? 
Not at all, inr there is no Axiom that fuppofes ail 
Infinites equal. Nor is it contrary to the Nature of 
an Infinite, that there rtiould be another Infinite flill 
greater: lor if there be given an Infinite, as, for 

exam- 
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example, an infinite Line, there will be m it an in- 
finite Number of Miles, more Furlongs, and (till 
more Feet. And fo in Space, whldi wefuppofeto 
be infinitely extended, if two parallel Lines be pro- 
duced in infinitum, the Area contained under tiiefe 
two Lines wjjl be really an infinite Area, for it will 
exceed every finite Area, or fuch as is bounded on 
aJI fides 1 it will therefore contain an infinite Num- 
ber of Acres, more fquarc Perch, and ftill more 
fquare Feet. Again, if betwixt thcfe Lines be drawn 
another right Line parallel to either of them, this 
Line will divide the former Area into two other in- 
finite Areas; which taken together, will be equal to 
the former infinite Area. It is not therefore repug- 
nant to the Nature of Infinity, that one Infinite may 
exceed, be multiplied, or divided by another Infi- 
nite! thefe, I fay, are no ways repugnant, but eafily 
follow from the Nature of the Thing j and there is 
nobody that acknowledges an infinite Space, but at 
the fame time he muft be forced to own the Divifi- 
biliiy of that infinite Space into others that are allb 
infinite. 

Another Argument againfl: the infinite Divjfi- 
bility of Matter, is fetched from the Divine Omni- 
potence. God, they fay, can refoive any Quantity 
into its infinitefimal Parts, and feparare tliofe Parts 
from one another: but iffo, then maybe given the 
ultimate part, and the Divifibility would be ex- 
hauftcd, therefore Qiiantity is not divifible sn inji- 
nilum. I anfwer, without doubt God is able to do 
whatever is polTible, or what is not repugnant to his 
immutable Nature; but fince we have already dc- 
monftrated that there cannot be given any Parllcli: 
of Matter, however fmall, which may not be ftil! 
divided into other infinite Particles; i: is thence nia- 
nifeft, that God cannot fo divide Matter, as that 
there Qiall be given its ultimate IndiviJibie. For if 
D 4 , the 
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ihe Divine Power extended thus far, then God cod 
do ibmething that involved a Contradiction, or i 
was repugnant to his immutable Eflence. But they 
farther urge, liall Qijancity isdivifible/'jj iifinitam, and 
the Parts are aftiially in the Extcnfion, there will be 
aftually given a Part infinifcly fmall, and conleqiient- 
ly not farther divifiblc. In the tii It place, I anfwer. 
It may be denied wi:h jirijiotk that the Parts are 
actually in the Extenfion, and then their Argument 
falls to the ground, which they boafted of as an 
unanfwerabje Pemonftration. Secondly, we grant 
iheni that thefe Pans are aiStualiy in the Extgnfion ; 
we grant that there are Parts infinitely finail and in- 
divifible; laftly, we grant the Argument: and yet 
nothing thence follows againil: the continual and in- 
finite Divifibility of a Qjjantity that is not infinitely 
fmall. This is fuppofttl indeed in the Argiinient, 
but without any Proof. Does it, bfcaufe an infinite 
fmall Part of any Extenfion is not farther divifible, 
therefore follow, that a given Part, or one not infi- 
nitely fmall, is alfo not farther divifiblc? If any 
thing thence follows, it is, that all continued Qiian- 
lity may be refolved into infinitely Imall Parts, and 
therefore it Is infinitely divifible. But the third and 
true Anfwer is, by denying that the Parts in the 
Extenfion are fo minute or fmall, that they cannot be 
farther divifible; and thu' there are given Parts infi- 
nitely fmall, or fuch as have the fame proportion to 
their Whole, as a finite to an infinite Number, or a 
finite Space to an infinite one-, yet we deny that 
thefe Parts are not farther divifible: but fince they 
are extended, they will be alio divifible, not only in 
two or three, or more Parts, but likcwife every one 
nuy be divided in iujiniinm. The infinite Number 
cf Parts of an infinitely fmall Qt^iantity, are wont to 
be called by the Geometers, Infinitefimals of Infini- 
tcfitnals, or Fluxions of Fhixionsi and tliefe :;re ufed 
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, by them in the folving of many intricate Problci 
Befides, there are given other Fluxions of tV 
Fhixions, or Parts that are infinitely lels than their 
Wholes; and again, there are other Parts of thcfe 
Parts, and fo on at pleafure. I do not deny, but, 
from the Weaknefs of the Human Underftanding, 
this is very difficult to conceive: however, the Truth 

ihat is fupported by fuch powerful Arguments is not 
to be dcferted, efpecially fmce there are fome things, 
which we do moft certainly know, which yet arc 
very difficultly received by our weak Underftanding. 
"We might produce many Arguments, but we Jhall 
only bring fuch as ferve to illultrate our prefenc Pur- 
pofci whereby we fliail fliew, that there are Quan- 
tities infinitely lefs than fonie Quantities, and yet 
alfo infinitely greater than others: fo, if there arc 
given infinitely fmall Quantities, there will be fome 
Quantities infinitely lefs than thcfe: and again, there 
may be others infinitely lefs than the laft, and fo 
always on in infiniiutn. 

F I K s T then, we Ihall thus prove, that there are given 
Quantities that are infinitely Icfs than infinitely (mail 
Quantities. LctABFbea Circle, whofc Diameter 
is AB; and ki B F be an infi- 
nilclyfmall Partof icsCircumIe- "B p- 

rence, whofe Chord tlicrefore 
fliall be alfo infinitely fmall, that 
is, the Chord B F Ihali have to 
any determinate Magnitude, as, 
for txample, to A B the Diame- 
ter of the Circle, the fame pro- 
portion, as any finite Magnitude 
has to an infinite one. Let 
jail from the Point F, on AB, the Perpendicular 
F G i B G will be infinitely lefs than the right Line 
B F, For Icp be d rawn A F, and the Angle A F B in 
the Semicircle will be a right one. And therefore in 

the 
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the Triangle A F B reiftangular at F, from the ] 
pendicular FG being let fall on che Bafe A B,*^ 
will be, by the eighth of the fixth Book oi EucU^s 
Elements, ABtoBFasBFloBG; but, by Hy- 
polhefi5, A B is infinitely greater than BF, where- 
fore BF will be infinitely greater than B G. There 
may therefore be a Quantity, which, although it is 
jnfiniteiy lefs than a given Quantity, will be infi- 
nitely greater than another Quantity. 

Solikewife, it is known in ihc Circle, that as 
the Sine of any Arch is lefs, fo the Tangent is 
greater than its corrcjpondent Arch; and therefore 
the Tangent is greater than the Sine of the fame 
Arch. Let therefore in die Cir- 
cle, whole Center is C, and Dia- 
meter A B, BF be an infinitely 
fmali Arch, whofe Tangent let 
be BE, right Sine GF, and verfcd 
one GB; through F draw FH 
parallel to A B, thenH E will be 
equal to the Difference of the right 
Sine F G and the Tangent B E, 
■^ which, from what we have fhewn, 

is not altogether nothing. Now in the Triangles 
CBE, FH E, cqui-angular, by reafon of the right 
Angles at H and B, and the common one E, it will be, 
by the fourth of the lixth o^ Euclid, CBtoBEasFH 
toHE; but by Hypothefis, CB is infinitely greater 
than B E, wherefore F H will be infinitely greater 
than HE: that is, in the prefent Cafe, BGthevcrictl 
Sire of an infinitely fmall Arch, is infinitely greater 
than tht; Difference betwixt the right Sine and the 
Tangent of the fame Arch. Since therefore C B is 
infinitely greater than BEj and BE, as we have be- 
fore demunltrated, is infinitely greater than BG; and 
again, by what we have now llicwn, B G is infinitely 
greater than H Ej the Propofition is manifeft. 

' To 
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To the farther liluftration of this Doiftrine, 
fliall produce another Example, borrowed from the 
ScholiLim of the firft Seiftlon of the Great Sir Ifaac 
Newlon'i Prirtcipia. Let the Curve A C be the com- 
■mon Parabola, its Axis A B, and AFa Tangent at 
the Vertex A. The Writers of Conicks dcmonftrate. 



ine, we ^^H 
Tom the ^^ 




that as in the Circle, fo in the Parabola, the Angle 
of ContaftFACis infinitely lefs than any re6ti- 
linear Angle. To the Axis A B and Vertex A, let 
'there be fuppofed to be defcribed a Parabola of ano- 
ther kind, as, for example, the Cubical, whofe Or- 
dinates increafe in a fubtriplicate Ratio of the Ab- 
fciflasi the Angle of Contaifl FAD will be infinitely 
lefsthan the Angle of Contact of the Parabola FAC; 
or, which is the fame thing, there can be defcribed 
no ApoUonian Parabolas, or no Circles, with how 
great foever a Parameter, that will pafs betwixt the 
Cubical Parabola and its Tangent at the Vertex : which 
may be thus ealiiy demonftrated. Let the Parameter of 
the Apollonian Parabola A C be called a, the Parameter 
of the Cubical Parabola A D let be ^ 5 let there be 
taken in the Tangent the Point K in fuch a manner, 

that 
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that A E maybe a third proportional to the rieatl 
Lines a and K that is, thac c xAE =:^=; throu^ 
any Point F betwixt A and E let be drawn FD ^ 
ralld to the Axis, meeting the Curve A D in D and 

l^'r?*^^^^!. '''■*"" P^""<^' ^° ^^^ Tangent, and Jet 
B D, an Ordinate to the Parabola A D, be called xx 
but BC, an Ordinate to the Parabola A C, y- and 
let the AbcifTa ABbe.v.- it will be from the Na- 
ture of thele Curves a x ~y\ and i^x = z\ and there- 
fore — =.x— 77-1 whence b"- y'^ — a 2;% and fo by re- 
ducing this Equation to an Analogy, b'^ ; a z : : z* -. y* 
that is, i-' or <7 X A E is to « 2 or a x B D or a x A F 
as BDjto BCy: but o x A E is greater than 
<j X A F, wherefore B D j will be greater than B C j, 
and confequenily B D greater than B C; the Point C 
therefore talis within the Parabola A D. The fame 
is true of all the Ordinates B C, that are Jefs than , 
the right Line A E j and therefore the Portion of the 
JpoUonian Parabola AC, at the Vertex falls within 
the Cubical Parabola. The Dcmonllration is the 
fame tor any other y^j>i?//o»/ii« Parabola ; confequently 
there can be drawn no Parabola, and therefore no 
Circle (which is always of the fame degree of Cur- 
vity with fonie Parabola) betwixt the Cubical Para- 
bola and its Tangcnc at the Vertex. 

How much Ibever therefore the parabolical or 
circular Angle ofContad: is diminifiied, it will be 
yet greater than the Angle of Contact at the Vertex 
of the cubical Parabola} and therefore any given cir- 
cular or parabolical Angle of ContafI-, will be infi- 
nitely greater than the Angle ol Contact at the Ver- 
tex of the cubical Parabola: for that Quantity i» 
infinitely greater than anctticr, which how much fo- 
cvcrdiminifhcd, it fliall always exceed that other. 

Again, to the fame Axis and Vertex let be de- 
fcribed another parabolical Curve A G, whole Ort^* 
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nates always increafe in a fubquadrL-'plicate Ratio of 
the Ablciffasi the Angle of Contaa FAG will be 
infinitely lefs than the Angle FA D: which is cafily 
-Jemonftraccd by a way of Argumentation not unlike 
the former. After the like manner, to the fame Axis 
and Vertex another parabolical Curve A H may be 
delcribed, whofc Ordinates increafe in a fubquintu- 
plicate Ratio of the Abfciflas, in which the Angle 
ofContaft F AH will beinfinicely lefs than the An- 
gle FAG: and fo one may proceed in infinitum^ al- 
ways afligning more and more parabolical Figures, 
whofe Angles of Contaft lliall differ infinitely from 
each other i that is, the Angle F A C will be infi- 
nitely lefs than any reiftilinear Angle, and the Angle 
FAD infinitely lefs than the Angle F A C, and the 
Angle FAG infinitely lefs than the Angle FAD: 
and fo there will be a Series of Angles of Contaft 
proceeding (H i/yfe(Vaw, whereof every latter Angle is 
■infinitely lefs than the former; nay, between any 
two Angles there may be innumerable other Angles 
infcrted, thatfhall infinitely exceed each other. And 
alio between any two of thefe Angles there may be 
infertcd an infinite Series of intermediate Angles, 
■whereof each following Angle Ihall be infinitely lefs 
than the foregoing. Moreover, there m^y be innu- 
merable Angles infinitely greater than the circular 
Angle of Contaft, which yet (hall be infinitely lefs 
than any redtiiinear Angle; and fo you may proceed 
in injinitum^ nor does Nature know any limits. 

I Ha V E exhibited [hcfe Exampk's, that ourAd- 
verfkries may perceive, how prodigioufly different 
their Speculations, concerning the Natures of Things, 
are from the Things themfcives. 

LEG- 
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LECTURE V. 

Of the Subtility of Matter. 

1 A V I N G, as we believe, proved by unde- 
niable Arguments, the infinite Divifibility 
I of Matter; and fuiEciently anfwercd arwi 
_^__ refined the Objeftions that feemed to carry 
any weiglu along with them : it remains, that we 
confider a httle the wonderful Subtility of Nature, 
and thofe minute Particles into which Matter is 
aftualiy divided, or of which it is compounded. It 
would be very cafy, by an abundance of Examples, 
to place thefe, as it were, before your Eyes, toex- 
pole tiiem to your Senfes, and even to ftiew ihdr 
Smallnefs by a Calculation: but we fliall produce 
only a few Inflances, 

And firft of all, from the great Dudtiiity of Gold, 
ftveral learned Men, as Moni'. Robaulc, in his Phy' 
Jicks; our Countryman, the Honourable Mr. Boyley 
in his Book of Effluvia; and lately, the famous 
Dr. Halley, in ihe Phi/o/ophicalTran/a^iens, N" 194, 
have made a Computation of the extreme Smallnefs 
of its Parts, Dr. Halley has (hewn, that one Grain 
. of Gold may be cut into 10000 vjfible Parts; and 
■ therefore lince a Grain of Gold is nearly equal to 

—^ — of a cubick Inch, it follows tlut a cubick. 
Inch of Gold may be divided into 47 619 047 Parts, 
which Ihall be all diicernable by the naked Eye. 

Besides, Dr. Halley has computed the Thickncfs 
of that very fine Skin of Gold, with which in gilding 
the Artificers cover Silver- Wirej and has found it 
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not exceed the of an Inch; chat is, if an Inch 

12^500 
in Length was divided into 124500 Part?, the Thick- 
jefsof the gilding would fcarce exceed one ofthofc 
PartSi and therefore the Cube oftiie hundredth Part 
of an Inch; or which is the fame thing, the ~ — ■ 
Part of a cubick Inch would contain 243 oooooo 
iixh Parts. 

That noble Philofopher Mr. Robert Bayle^ has 
given, in his Book cf ihe Nature and Sublility ofEjfluviay 
many Experiments concerning this Subjcftj whence 
■we fliall here borrow two or three. And, firfbof all 
he diffolved one Grain of Copper in Spirit of Salt 
Armoniack, and that Solution bsing mixed with di- 
ftilled Water, gave a very deep and confpicuous 
blue Tinfture to 28534 Grains of Water: whence, 
fioce the Quantity of Water, whofe Weight is one 
'Grain, is equal to -^^ 'of a cubick Inch, 28554. 
Grains of "Water will be equal in Magnitude to 
105, 57 cubick Inches. Since therefore one Grain of 
Copper can give a blue Colour to fo great a quantity 
of Water, it is necelTary that there muft be fome 
Part of this Copper in every vifible part of that 
quantity of Water; and therefore as many as are the 
Parts of thai Water vifible to the Eye, into fo many 
Parts at leaft was that one Grain of Copper divided. 
But a Line is fenfible to the Sight whofe Length is the 
hundredth part of an Inch, and confequendy the 
Square or the Cube of that Line, will be much more 
dilccrnabic by the Sight : wherefore, fmce the Cube 
whofe Side is — of an Inch, is the — -^ — part of an 
Inch, it follows, that at the leaft in 105,57 cubick 
Inches of Water, there arc 105 570 000 Farts dillin- 
guifhable by the Sight: and therefore by this Solu- 
tion 
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lion one Grain of Copper was at the leafl: divided 
into as many Parts. But the Magnitude of a Grain 
of Copper is equal to about —^^ Parts of an Inch; 
and therefore, fince a cubicle Inch coniains altnoft 
20000 fuch Parts, it hence follows, that a cu- 
faick Inch of Copper may be aftually relolved into 
a III 400 000000 Parts: and if (here be taken the 
leaft Grain of Sand, fuch a one, for example, asilt 
Diameter may be the hundredth part of an inch, or, 
which is the fame thing, the Grain of Sand idcJf 
be the million part of an Inch, this will contain 
2114000 fuch Pares, into which the Copper was di- 
vided. 

The fccond Example that we propofe, fliall be 
drawd from the following Principles. 

All the modern Philofophers agree that Odours 
orifc from Kffluvia, that proceeding from the odori- 
ferous Bodies, are difperfed on every fide into the Me- 
diumi and which, by means of [he Air we draw up our 
Nortrils, do rufh upon the olfaftory Nerves, and lb 
affrft the Sinforium J whence it follows, that in what- 
ever place the Odourofany Body is lenfible, there mutt 
be in that very place fome Particles of die odoriferoui 
Body afictfting the Senfe. But there are many odorous 
Bodies which are calily fniclc at rhediftance ot five fcet^ 
and which do there affcft the olfadory Senfe; there 
inuft therefore be fomc Particles of tiic odorous Body 
difFufcd through all that Space, infoniuch that where- 
cvcr our Noltrils fhall be placed in that Space, there, 
it is ncccfiaty, that there be fome Effluvia of the 
odoriferous Body; at leaft there nuift be Ibme in that 
quantity of Air, that we draw through our Noflrils 
in Infpiration. Ltt us fuppofe then, that there is 
but one Particle of the odorous Body in every Part 
of that Space, which Part Ihall be equal to the 
fourth Part of a cubick Inch; ar.d iho' it is probable. 
Effluvia 
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Effluvia fo rare will fcarce affed the Senfe, yet we 
Ihall at prefent aflumc no morej fo many therefore 
at the leaft will be che Panicles producing the OJour, 
as there arc Spaces, each of which are equal to the 
fourth part of an Inch, in a Sphere, whofe Semi- 
diamecer Ihall be five feet i but in that Sphere there 
will be 57839616 fuch Spaces: fo many therefore 
will be che Particles producing the Odour in that 
Space. 

Having in fome meafure determined the Num- 
ber of Effluvia, wc fhall proceed to difcover tiieir 
Magnitude. Since it is neccflary, that a Body mult 
be ditntniflicd in Weight, in proportion to the Efflu- 
via that flow from it J the Weight ot all the Effluvia 
proceeding from an odoriferous Body in a giv^n time, 
will equal the Weight of the Part of the Body that 
is loft in that time. Now Mr. Beyle has prov^-d by 
an Experiment, that a certain Mafs of AJfa fcctUa 
expofed to the open Air, has loft in fix days time the 
eighth part of a Grain in Weight : but fince the Flux 
of Effluvia from an odoriferous Body is continual, it 
is manifeft that it ought to be proportionaMe to the 
Time; and therefore in one Minute's Time the 
Weight of the Effluvia flowing from the AJfa Fxtida, 
will be equal to r-^ of a Grain, But the Magni- 
tude of a Particle of Water, whofe Weight is one 
Grain, is equal to - .^''^■— Parts of an Inch ; and there- 
fore a Particle of the fame Water, whofe Weight ia 
■^^ of a Grain, will be equal in Magnitude to 
j3? , ,. of a cubick Inch: but the Gravity of 
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AJfa fatida to that of Water Is (as I myfelf have 
experienced) as 8 to 7, and therefore the Magni- 
tude of a Quantity of j^Jfa fxtida, whofe Weight 
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is — ^ — of a Grain, will be equal to - ^ „„„^ 
of a cubick Inch. But the Number of all the 
Effluvia was found before to be 57839616, and 
therefore fines all thefe Effluvia are only equal 
to Parts of a cubick Inch, each Particle 

! 0000000000 

will be equal to ^ ^ f ^ Parts of a cubick 

Inch; or by reducing this Fraflion to a Decimal, 
the Magnitude of each Particle will be equal to 



; Parts of a cubick Inch. 



W E have hitherto fuppofed the Particles producing 
the Odour to be every where equally difFufed through- 
out the above mentioned Diflance; but fince towards 
the Center or odoriferous Body, whence they proceed, 
they are more and denfer than towards the outward 
Superficies of the Sphere, there will be many more 
Particles than we have before demonftrated. For fince 
Odours (as all other Qiialities, that arc propagated 
from a Center in right Lines) decreafe in a duplicate 
Ratio of the Diftance increafed from that Center, 
the Number of Panicles producing the Odour, and 
included in a given Space, as, tor example, the fourth 
Part of a cubick Inch, will be, at the diftance of one 
foot, quadruple the Number of Particles placed in 
the fame Space, at the dillance of two i&tx. from the 
Center; and nine times greater than the Number of 
Particles at the difl-ance of three feet, and fo of the 
reft: but if they were in noplace in greater number 
than at the extreme Superficies, the Number would 
thenbe, as before difcovercd, 57839616. It is there- 
fore manifcft, that their Number is far greater 
ihe aforefaid Number. 

That therefore, in this cafe, we may detcru 
the Number of the Particles prcducing the Od' 
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we ought to know the Qijantity of AJfa fxlsda that 
Mr. Boyle expofed to the Air; but we cinnot Icam 
this from his Writings, Ic is therefore nec^fTary we 
affume fome Qiiantity, but the Ids we make it, the 
greater will be, CiSieris paribm, the Proportion of the 
Number of Particles procctding from it, to the 
Number before found out. That tlierefure the Num- 
ber wc Qiall difcover may not exceed tiie Truth, we 
ought to afiumc I'lich a Quantity, as probably will 
be greater than that whicii iVIr. Beyle expofed to the 
Air: and let It be equal to a Sphere, whofe Dia- 
meter is fix Inches, here reprefentcd by the Circle 
DHOi and let the right Line A D be 6vc feet or 
fixty Inches; AB will be 63 Inches. To ihc Poinj 
A on AB Jet be ercded the Perpendicular AG, 




flrhicli let reprefent the Denfity or Number of Par- 
ticles in a given Space at the difiance A B; and if alt 
all diftances the Denfuy of the Particles was the 
fame, their Number might be expounded by thti . 
innumerable right Lines E Q^ m R, D H, &c. com- 
pleating the Parallelogram AH; that is, by the Pa* 
E 2 rallelograirf 
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railelogram A H icfclf. But fince the Number of Par- 
tides, in approaching to the Center, is fuppofed to 
increafe in a duplicate Ratio of the diminifhed Di- 
ftance i at the Points E, m, D, and innumerable others 
taken in the right Line A B, let be erefted the Per- 
pendiculars E L, m «, D C, which let be m A G as 
the Square of the right Line A B to the Squares of the 
right Lines EB, m B, D B, ^c. rerpeftiveJyj and 
through the Points G, L, h, C, and innumerable 
others determined after the fame manner, let be 
drawn a Curve Line. Now if A G reprefents the 
Number of Particles at the Diftance A B, E L will 
reprcfent their Number at theDiftance E B, on a 
Suppofition that the Denfity of the Particles are re- 
ciprocally in a duplicate Katio of their Diffances 
from the Center; but E Q^would denote their Num- 
ber, if their Denfuy was every where the fame. 
After the fame manner, m » expounds the Denfity of 
the Particles at the Diftance w B; but m R would re- 
prcfent their Number, if they were uniformly dcnfe. 
So likcwife D C will denote the Number of the Parti- 
cles placed at the Diftance D B ; but if they were in all 
places equally denfc, their Number would be reprc- 
fcnted by D H. And therefore the whole Multi- 
tude of Particles, that flow from the Sphere D B O, 
and whofe Denfity decreafes as they recede from the 
Center of a duplicate Ratio of the increafed Diftance, 
is to their Multitude, if their Denfity was every 
where the fame, as it is at the outer Diftance A D five 
Feet, as all the right Lines D C, i» «, EL, A G, 
(othe right Lines DH, mR, E Q^ A G ; that is, 
as the mixtiiineal AreaADCG, to the Area of the 
Rt-flangle G A D H. 

The matter therefore is brought to this, that we 
inquire out the Proportion which the Area G A DC 
has to the Area of the Rcftangle AH. But fince 
thz Curve G L » C is of fuch a nature, that ihc right 

Lines 
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XiinesAG, EL, ot«, DC, ordinatclyapply'd to 
Afymptote A B, arc reciprocally as the Squares 
the Diftanccs from the Center j the Curve will be 
of the hyperbolick kind, and the indeterminable 
Space CFBTS compounded of Elements that are 
reciprocal Secondanes : and lliereforc that Space, aitlio' 
indeterminable, will be pcrfeftly quadruple, and 
equal to twice the Redtangle CB, by what is de- 
monllrated by Dr. IVallis in his Arithtfiedck of Infinites. 
And confequently the indeterminable or indefinitely 
extended Area C D T S will be equal to the Rectan- 
gle CB; and in like manner the indefinitely ex- 
tended Area GATS will be equal to the Reflan- 
gleOB. The Excefs therefore, whereby the Area 
CDTS exceeds the Area GATS, will be cqtial to 
the Excefs, whereby the Parallelogram C B exceeds 
the Parallelogram G B. Let us therefore inveftigate 
the Difference of thefe Reftangles : Since by Hypo- 
thefis A D is 60 Inches, and B D 3, A B will be 6_? 
Inches; and let AG be Unity, and fince it is as 
DB J to A B J fo AG to C D, that is, as 9 to 3969; 
CD will be 441 fiich Parts, whereof A G is I : and 
therefore CDxDB, or the Reftangle C B will be 
to the Reiftangle BG, as 1323 [o 63 ; and fo the 
Difference of the Rectangles, that is, the Area 
GHDC wil! be 1260 fiich Partf^, whereof the 
Reflangle A H is 60. And therefore the Numtier 
of Particles proceeding from the Jffa fa-iida^ whole 
Denfities ciecreafe in a duplicate Ratio of the in- 
creafcd Diitances, and contained within a Sphere 
whofc Diameter is five Feet, is to their Number, (if 
their Denfity was every where equal to what it is 
at the Diftance of five Feet) as 1260 to 60 } that is, 
as 21 to I. If therefore the above-d ifcovered Num- 
ber 578 396 1 6 be multiplied by 21, the Produd: will 
give the Number of Particles proceeding from the 
jljfafatiday viz. 1214631936, Befides, if iheFraftion 
E 3 8 
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■ , which expreflcd the Magnitude 

of the Particles in the former cafe, be divided by 1 1, the 

Quotient or 

.^^ iio 000 oooDOOooo OOO . i oc-oo.-.ooooooooooooo 

■wiil exhibite the true Magnitude of each Particle in 
this fccond Caff. 

All thefe things follow from hence, that we 
fiippofe a Man able to fmell Ajfa f&-tida at the dillance 
pf five feet J but tliere are other Animals, whofe 
Senfc of fmeUing far exceeds that of a Man, as 
Hounds, who perceive the Effluvia of wild Bcalls 
remaining on the ground, a great while after the 
Bead has'left the place; and fome Birds, that get the 
Scent of Gun powder at a great diftance. The Sub- 
tility of thefe Eifluyia muft certainly be much greater 
than that, which we have difcovered by the fore- 
going Calculation; but for want of Experiments wc 
cannot eafily reduce it to numbers. 

The Pliilofophcrs, [hat they may ftill farther fliew 
the Subtility of Matter, produce the Example of 
tho^c yhmaku/a, that are obferved floating in various 
Liquors, and the Seed of Animalsj thefe indeed 
are fo fmall in fome Fluids, that they appear like 
Points, through Micrdfcopes that magnity [he Ob- 
jedt very much. And that curious Obfcrver of Na- 
ture, Mr. Lewmhoeck has difcovered more Animal- 
cules in the Milt of one Cod, even than there are 
Men at prcfcnt hving on the face of the Earth. But 
Jet us diicover the Magnitude of thefe Animalcules ; 
towards which, we Ihall borrow from Opticks what 
follow. Firft, the Image of any Obieft appears un- 
der the fame Angle, at the Vertex of Emerfion of the ^ 
Lens, as the Object itfeif appears under at the Vcit """ 
. of Incidence; this is demonilrated by Dr. Gregory, 
the iSth Propofition of his Elements of Dsoptrkks. Sei* 
CondJy, it Is found by experience, that ihofc Objrfls 

that 
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that appear as Points, that is, whofe Parts the Sig 
is not able to dillinguifh, are feen under an Angle 
not exceeding a Minute. Thirdly, it is certain by ' 
frequent Obfervation, tliat moft oK thofe Animalciiiea , 
are of fo fmall a Magnitude, that they appear thro^ 
a Lens, whofe focal Diftance is the tenth part of an 
Inch, as fo many Points i that is, their Parts cannot 
be diftinguilhed; and therefore they appear from the 
Vertex of that Lens, under an Angle not exceeding 
a Minute, We are now to invelligate the Magnitude- 
of an Objed that appears under a given Angle at a 
given Diitance : In the prefent 
Cafe, let C be the Vertex of 
the Lens, A B the Length of 
the Animalcule, B C its diilance 
from the Lens equal to I'a of an 
Inch, and the AngleB C A under 
which it is feen at that Diftance equal x.o one Mi- 
nute: fromBCand the Angle BC A beinggiven, we 
are to find A B the Length of the Objeth Now in 
the reftangiilar Triangle ABC, there being given 
(befides the right Angle at B) the Angle BCA 
one Minute, and the SideBC equal to the tenth 
part of an Inch, by Trigonometry the Side A B will' 

be found nearly equal to 7^~^ of aninch. If there-" 

fore thefe Animalcules were of a cubJck Figure, that 
is, of the fame Length, Breadth and Thicknefs, 
their Magnitude would be exprcflld by the Cube 
of the Fraaion -^—^ -, that is, by the Number 

, that is, to fo many parts of an' , 
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Inch is each Animalcule equal. 

Hence, what fome Philofophcrs have dreamcdr^ 
concerning Angels, is truf nf thefe Animalcules, ti/z. 
E 4 that 
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that many ihoufand of them may dance on the Pi 
of afiTiall Needle. 

Hence alfo we may gather, how vaft the 
ftance is betwixt the fmailcft floating Animals and 
largeft fort, how little Proportion thefirft have to 
huge Whales, that appear in the Ocean like Moun- 
tains, as oft as they raife their Heads above the Wa- 
ter. For there are in fome Liquors Animalcules fo 
fmall, as upon a Calculation, the whole Magnitude 
of the Earth is not large enough to be a third pro- 
portional to tbofe minute floating Animals and the 
vaft Whales of the Ocean j fo that the Earth itfelf» 
however big it feems, is found to bear a lefs pro- 
portion to diefe large Fifhes, than ihey do to thofc 
Jeflcr ones, ihat are beheld through a Microfcope, 
floating in the Seed of Animals. 

Since every Animalcule is an organized Body, 
let us a lircie confidcr, how delicate and fubtile ought 
the Parts to be, that are neceflary to conftitute it, and 
topreferve irs vital Aftions. Certainly it is not eafy to 
conceive, how ir is poffible there (hould beconralncd 
in fo narrow a compafs, the Heart that is the Fountain 
of its Life, the Mufcles neceffary to its Modons, ihe 
Glands for the Secretion of its Fluid?, the Stomach 
and Bowtls to digcft its Food, and other innumerable 
Member,', without which it is impoITible an Animal 
ihould fubfift. But fince every one of thcfe Members 
is alfo an organical Body, they muft have likewife Parts 
neceflary to their Actions. P'or they confift of Fibres, 
Membranes, Coats, Veins, Arteries, Nerves, and an 
almoft infinite Number of fine Tubes like to thefc, 
whofe SmalJnefs fecms to exceed the very Force of 
the Imagination, But there are fome Parts that 
ought to be almoft infinitely lefs than thefe, as the 
Fluids that flow along thcfe fine Tubes: and fuch 
are the Blood, Lymph, and Animal Spirits, whotq 
Subtility even in large Animals b incredible. 

L 
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L E T us then confider the moft grofs Parts of the 
Blood in thefe Animalcules, to wit, the Globules that 
fwim in the Blood, and let us endeavour to reduce 
their Magnitude to a Calculation. 

T o w A R D s the effeding of which, we (hall make 
life of the following Hypothefis; viz. That the fimi- 
iar folid Parts of different Animals, that is, the fi- 
milar corporeal Panicles, or the Parts confiding of 
ihree Dimenfions, are as the Magnitudes of the re- 
fpeftive Animals. Whence it follows, fhat the fimi- 
lar linear Dimenfions of diiFcrent Animals, are in a 
fubtripiicatc Ratio of the Magnitudes of the Ani- 
mals; that is, as the cubick Roots of thefe Ani- 
mals: as, for example, the Heart of a Man is to the 
Heart of any Animalcule feen through aMicrofcope, 
as the Body of that Man is to the Body of the Ani- 
malcule; and therefore, if the Hearts of both are 
fimilar Bodies, the Diameter of the one will be to the 
Diameter of the other, as the cubick Root of the 
Magnitude of one, to the cubick Root of die other's 
Magnitude. So likewife the fmallefl: Blood-VefTels 
in a Man, are to the like fmalleft Veffels in an Ani- 
malcule, as the Magnitude of the Man to the Mag- 
nitude of that Animalciilej and the Diameter ofa 
capillary VefTel in the Body ofa Man, is to the Di- 
ameter of the like Capillary VefTei in the Body of an 
Animalcule, as the cubick Root of the Magnitude 
of the Man to the cubick Root of the Magnitude of 
the Animalcule, 

L E T us now fuppofe the mean Magnitude of a 
Man to be three cubick Feet, or 5184 Inches; as 
therefore the Magnitude ofa middle-fized Man, or 
51 84 cubick Inches, is to the Magnitude of the Ani- 
malcule, found out above, viz. ~ ■ 

Parts of a cubick Inch, fo are the capillaiy Veflels 
in a human Body to the like capillary Veflels in an 

Ani- 
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But fmce it is necefTary tliat the Diameter of the 
Globule, or the fluid Particle, that is contained in any 
VefTi:!, be nor greater than the Diameter of that Vef- 
fclj the Diameter of a Globule of Blood that flows 
2 through 
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Animalcule; and as the cubick Root of the ] 
nitude of a Man, or the cLibick Root of the I 
ber 5184 to the cubick Root of the Magnitude irf^ I 
' an Animal, or to the cubick Root of the Number 

— ^-- , that is, nearly as 1 7 to — ^ — , fo 

k is die Diameter of a capillary Veflel in a human 
I Body to the Diameter of a capillary Veflel in an 
I AnimalciJe. But Mr. Lewenboeck has by the help of 
La Microfcope difcovered VeiTds in a human Body fo 
Cfmall, that if the Diameter of a Grain of Sand be 
* fuppofed equal to ts of an Inch, it will contain 2640 I 
Diameters of the VeiTcls which he found out in the ■ 
Pody ofaManj and therefore the Diameter of one 

&f ihefe fmall Veflels will be equal to -r— x— of an 

* 2040 50 I 

Inch, that is, equal to Parts of an Inch. 1 

' T 79:100 I 

And although it is certain thefe Veflcis were not the 
Jeafl: of all that are in a human Body, for that there 
muft be others much lefs than thefe, is eafy to be 
ihewn; but however we fhall fuppofe thefe to be the 

leaft of all. Let it be therefore as 1 7 to 7^3-^, fo 

to another Number-, which Number will ex- 

79250 

prefs in the parts of an Inch, the Diameter of the | 

fmalleft Veird in an Animalcule: which working 

by the Rule of Three, is Found to be ; — 

■' 134 C40 000 000, 

this Fraftion reduced to a Decimal, will be nearJy 
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irough thefe fmalleft Vefieis, will not be greater 

than Parts of an Inch. And therefore 

the Solidity or Magnitude of thefe Globules will be 
Jefs than the Cube of that Diameter, that is, Icis 

than '' □oo ' oooo 'o ^ATfi of 

a cubick Inch: that is, the Magnitude of a Globule 
is lefs than that part of a ciibicis Inch, which is cx- 
prelfed by a Fraiftion, whoft Numerator is eight, but 
its Denominator a Number confifting of a Unit with 
thirty and three Cyphers after it. 

Since the Fradion, that exprefTcs the Magni- 
tude of thefe Globules, confifts of fo mgny Cyphers, 
hat their true Quantity cannot thence be readily con- 
;civedi we ihall proceed farther, and compare theie 
Globules with fuch other fmall Bodies as are vifibie 
|o the naked Eye, viz. with the fmalleft Grains of 
£and, fuch, for e3(amp!e, as their Diameters do not 
exceed the hundredth part of an inch; and lartly, 
we (hall Compare thefe fmall Grains of Sand with 
other great Bodies of the Earth, as for example, 
buge Mountains; that we may perceive what pro- 
)orrion they bear to one another: and fo we ihail 
he tnore e^fily comprehend theSmallnels of Particles, 
put why do I make ufe of this word? fince I fhould. 
rather fay, by this Companion their Subtihty will 
appear incomprehenfible. For it may be gathered 
pom thence, that Ten thouiand two hundred and 
fifty fix of the higheft Mountains in the whole 
Earth do not contain as many Grains of Sand, as 
pne Grain of Sand can of the Blood-Globules of 
ihefe Animalcules, It is no wonder, if you here 
Hand anikz.d, and being ftruck with fo prodigious a 
thing, Ihould call in queftion the infinite Divifibility 
if Matter, although it is fupported by imcontroul- 
i|ble Demonfiralions! But however incredible this 

Affer- 
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AiTertion may appear ac firft fighr, we (hall notwitl^ ^ 
ftanding deduce it from eafy and evident Principles. 

That our Calculation may proceed the eaficr, 
we ihall call the tenth pare of a Foot an Inch, and 
fuppofe that if an hundred Grains of Sand were 
placed one by another, they would occupy the Space 
of an Inch in length ; or, which is the fame thing, 
let a thoufand contiguous Grains of Sand be fuppofed 
to be extended through the Length of one Foot, 
there will therefore be in one cubick Inch i oooooo 
Grains of Sand, and in a cubick Foot there will be 
I ooooooooo Grains. Let a Mile or looo Pacesbc 
equal to 5000 Feet, there will be then 1 25 ooo 000 ooo 
cubick Feet in a cubick Mile : fo that the Number 
of Grains of Sand, that can be contained in a cubick 
Mile, will be 1 25 000 000 000 000 000 000. 

Now that we may have the Dimenfions of the 
Mountains, we will make choice of the highcft, 
as it is fuppofed, of the whole Earth, viz. that 
which is in the Ifland of ^eneriff^ and called El Pieo 
de Terrario, whofe perpendicular Altitude is vul- 
garly eftccmed three Iialian Miles. We will fup- 

' pofe the Figure of this Mountain to be a Cone, and 
us Circumference at the Bafe to be five and thirty 

■ Miles, the Area of the Bafe will be about 97,5 
Miles; for as 314 to too, that is, as the Circum- 
ference of a Circle to its Diameter, fo is 35 to 1 1,14 
the Diameter or Thicknefs of the Mountain at its 
Bafe; 27,85 the fourth of which being multiplied 
by the Circumference 35, gives the Area of the 
Bafe, viz. 97,5 fquare Miles. Since therefore the 
Mountain is, by Hypothefis, of a conick Figure, if 
its Bafe be multiplied into a third part of its Height, 
the Produft will give thefolid Content of the Moun- 
tain 1 and the third part of the Height is, by Sup- 
pofition, eqtial to one Mile, which multiplying the 
Number 97,5, the Produd or Solidity of the 
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' Mountain will be equal to 97,5 cubJck Miles- 
which Number, if ic be again nmkiplied by 

» 125000000000 000 000 000, theProdua or Number 
12187500000000000000000, will exhibite the 
dumber of Grains of Sand, of which the Mountain 

■of the Illand Teniriff might be compofcd. 

tr,?^^%fl .'^'"^ ^'"'"** °"^' '" "5 rwhowmanr 

■ Jlood-CIobules may be contained in one Grain of 

■ Sand. From what has been fiiewn before the 
Magnitude of each Globule is lefs than the 
a 

1 000 ooo 000 000 000 000 000 000 000000 000 P^''fs of an 

Inchi and the Magnitude of a Grain of Sard is 

equal to the Part of an Inch: fo that if the 

latter Number is divided by the former, the Qiio- 

*■ _, I 000000000000000000000000000000000 
uent ■ — — — . , or 



; that is. 



125 coo 000 000 000 000 000 000 000 is lefs than the 
Number of Blood-Globules that may be contained 
within the Magnitude of a Grain of Sand : but this 
Number 125 000 000 000000000 000 000000 divi- 
*k1 by 12 187500000000000000000, the Number 
■ Sands that may be contained in the Mountain of 
le Illand 7eneriff, the Quotient will be greater than 
c Number 10256. So that one Grain of Sand may 
»ncain ten thoufand two hundred and fifty fix times 
Bore Blood-Globules in ir, than the higheft Moun- 
»in of the whole Earth does Grains of Sand j or, 
rfiich is the fame thing, ten thoufand two hundred 
nd fifty fix Mountains, each of which (liall be equal 
D the higheft Mountain on the whole Earth, cannot 
ontain in them as many Grains of Sand, as one 
lain of Sand may contain in itfelf of fanguincous 
iritcles of Animalcules, that are by a Microfcope 
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feen floating in fome Fluids: which was to be fljewff.' 
Since therefore thefe Globules are of fo fmall a Mag- 
niaide, what tnLift we think of the Particles compor 
fing the Fluid in which the Globules are carried, and 
of the Siibtility of the Animal Spirits? This, no 
doubt, is fo great, as to exceed all Calculation, and 
even the Force of the Imagination. 

This Subtiiily of Nature is wonderful beyond 
ireafure; but there are other Particles of Matter 
flill more fubtile than thefe, to which if the abovc^ 
mentioned Globules were compared, they would not 
only appear as Mountains, but as vaft Earths. I 
mean the Particles of Light, which are darted all 
around from the lucidBody, with an inexpreflible Ce- 
lerity, whofe Subtility the human Mind will perhaps 
be never, unlefs when it Ihall be made perfeS in the 
Heavens, able thoroughly to comprehend. That it is 
immcnfe, may hence be gathered, that the Light of 
the fmalleft Candle, in a time altogether infenfible,- 
and without any difcernible Diminution of the Candle^ 
may be perceived by the Eye, at the dillance of two 
Miles-, whence it is neceflary, that in every afligna- 
ble Part of the Sphere of A£l:iviiy of that Candle, 
the Diameter of which Sphere is greater than four 
Miles, and in every alTlgnable Portion of Titnc^ 
there are fome Particles of that Light, which enter, 
or are ready to enter the Eyej which will be dif- 
ferent indifferent Parts of Time. And from this inef- 
fable Subtility of Light it is, that the Sun, although 
from the Beginning of its Creation, it has continually 
emitted Light, and that with great Swiftnefs; yec ki 
all that time has not loft any thing fcnfible of its 
Magnitude, notwithftanding it daily, the' inconfide- 
rably, decreafes in Qtiantiiy : whence, tho' after fix 
thoufand Years, its Diminution is not yet become 
remarkable, notwithftanding after a finite Series of 
Yeats, altho' a very protradted one, it will be wholly 

diiTi- 
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idiffipated. "Whence ic follows, that this World can 

''leither exift to Ecernicy, nor could it have exilted 

-m Eternity. "'"" ' 

From the Demonflration of tht infinite TiivifiUUty of 

Matter ate deri'Ded the following 'Theorems^ relating 

to its Rarity, and the Tenuity of its Compofition. 

LEMMA. 

Any C^antity of Matter being given, of it, or 

Bny par: of it, a concave Sphere may be fortned, 

Whofc Semidiameter fliall be equal to any given right 

Let the Particle of Matter be u', and the given 
right Line be b. The Ratio of the Circumference 
of a Circle to its Radius let be asp tor.- l^t the 
-Semidiameter of the Concavity Ik called .v, the 
Xhicknels of the Shell encompufTing the Spherical 
I^sncavity, will \yz b — *, and the Cylinder circum- 
bnbed about the Spheres whole Radius is b, will be 

C , whence the Sphere infcribed within the Cylin. 

, ill be " "^— i t^y ^^ ^^'"^ reafon, the Sphere 
whofc Radius is x. will be , whofe Difference 

2p 

— — ■ yib^ — x^ IS to be made equal to the fpherical Shell, 
or given Particle of Matter: that is, it will be 

— - ^' — ** = fl' or b' — a' = ' whence x^ = b"' — 

IL^zndx-^ ^i— 3 ra\ So that the Thicknefs 
oF the Spherical Shell, or ^— ;e, will be=* — 

i/lr — %p 

By 



] 
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By the fame reafon way he made of a given §ui 
ef Matter, concave Cubest concave Cylindersy or cot 
Bodies ofa/y other figure wbalfoever^ wbofe Sidet^ 
be equal to a given right Line, 

TheFirftTHEOREM, 
GiviN avf ^entity of Matter, however fmalU and 
given any finite Space, however large -, which, for ex- 
ample, let be a Cube, that pall circumfcribe the Orb of 
Saturn : it is poffibk that the Matter of that Grain of 
Sand may be diffufed through all that Space, andfo fUl 
it, that there Pall be in it so Pore, wbofe Diameter 
will exceed a given right Line. 

Let there be a given 
Cube Space, whofc Side 
let be the right Line A B, 
equal to the Diameter 
ot Saturn's Orbit j and 
kc be given a Particle of 
Matter, whofe Quantity 
Jet be ^S anti let the gi- 
ven right Line (greater 
than which the Diameter 

of the Pores ought not to 

be) be D. Let the right 
Line A B be conceived to be divided into Parts e(^ual 
to the right Line D, whofe Number will be finite, 
when neither the right Line AB is fupfwfed infi- 
nitely great, nor the right Line D infinitely fmall. 
Let the Number bew, that is, Ictbe»D=AB, (b 
that it wiJj be h= D' equal to the Cube of the right 
Line A B. Let alfo the given Space be conceived to 
be divided into Cubes, each of whofe Sides are equal 
10 the right Line D, and the Number of the Cubes 
will be n'i and thefe Cubes will be reprefcntcd in 
ihe Figure by the Spaces E, F, G, H. Again, let 

the 
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it^ Particle b' be fuppofcd to be divided into Pircr, 
whoib Number let be n'\ and in each cubick Space 
let be placed one of tliofc Particles ; and by this 
fneans the Matter ^' will be diffufed througli all that 
Space. Befides, each Particle of the Matter l/'" be- 
ing placed, as it were, in its Cell, tnay be formed 
into a concave Sphere; whofe Diatiiecci may be equal 
to the given right LineDj whence it Will follow, 
ihat each Sphere wlj] couch that which is next to it ; 
and the given Particle of Matter, however fmall i', 
*vill fo fill the given Space, that there will be ro 
Fore in it, whole Diameter will exceed the given 
right Line D. ^ E. D. 

Cor. There may be a given Body, whofe Matter 
if it be reduced into a Spate abfohiteiy full, thac 
Space may be any given Part of the former Magni- 
tude. 

The Second THEOREM. 

There.wisj' h two Bodies equal in Bulky whofe ^ait- 
tities of Matter mtrf be very uneiiual, an'dtho' they have 
ai^given Ratio to one another, yet the Sumsof the Pores 
er empty Spaces in the Bodies, may alnwjl approach to 
a Ratio of Equality. Or, in the Carlejjan Stilc i All 
the Space, that is pofejfed by a fubtile Matter ivitbm 
the Poresofone Body, may be almoji equal to theSpace 
that ii occttpied by the like Matter -iijithin another Bcdj; 
although the proper Matter of one Body exceeds tenlbou- 
fand or an hundred thbufind rimes the proper Matter of 
the other Body, and the Bodies mey be equal in Bulk. 

Let there bfj for example^ a cubicle Inch of 
Gold, and a cubick Inch of Air not condcnfcd. It 
is certain the Quanricy of Matttr in the Gold will ex- 
ceed twenty choufand times the Matter of Air ; yet 
it may be, that the Spaces in the Gold, either ab- 
lcititE;ly empty, or replete with a fubtiic Matter, 
F fliali 
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LECTURE VI. 
Of Motiony Place, and lime. 




1 1 N C E we have hitherto fufficiendy treal 
I of the Solidity, Extenfion, Divifibilicy and 
I Subtility of Bodies ; wenow come to explain 
,,.„..-. 4 Motion, ihenobleft Affcdtion that Body is 
indued with : by the mediation whereof. Nature dif- 
covers herfcif afting in that Variety of Things, which 
ought not to be beheld without Wonder and Afto- 
nilhmcnt i and without which, all the Ornament 
and Beauty of the World would pcriJh, and a horrid 
Darknefs and an infinite Numbnefs would poffels 
every thing. On this depend the Viciflitudes of Days 
and Nights, and the fo great Variety of Cold and 
Heat, Snow, Rain, and Sun-fliine fiicceeding each 
other, and all the Seafons of the Year. By Motion 
Plants grow, Trees are nouriflied, and Animals live ; 
lince Life itfelf confifts only in Motion, that is, the 
Circulation of the Blood. But why do I fpend time 
in enumerating Particulars ? fince all things owe their 
Birth to Motion, 

The Science therefore of Motion is fo neceflkry 
to phiiofophize aright, that not the leaft Operation 
of Nature can be invfftigated without it, Hence the 
famous and moft true Saying of the Philolbphcr, 

Motion being unknown, Nature muft of ncceflity be 
fo likewjfe. 

The Philofophers, or rather the Metaphyficians, 
have had various Dlfputes concerning the Nai 
Caufcs, and Communication of Motion j and 



I 
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Conftifion of Ideas, and the Darknefs that thence 
arofe, appear to have been fo great, that amongft 
the Foiiies of Difputation, the natural and fimpie 
Notion that they had of it, feems to have been ioft 
amongft them. For there can fcarce be found one 
«f the common People, or the meaneft Artificer, but 
he knows more of the true Nature and Caufe of 
Motion than all thefe wrangling Philofophers toge- 
ther, Ibme of which were arrived to thaihelght of 
Folly, as to deny all Motion, as a thing impofllbie, 
to Bodies ; and they propofcd fome Cavils, whereby 
they flattered themfelvcs that they had denionftrated 
its ImpofTibility. 

We will produce here fome of their ftrongeft Ar- 
guments: and thefirftlhall be that of Dtodorus Cro- 
nus i namely, If a Body moves, it miift either move 
in the place where it is, or in the place where it is 
jiot, both which are impolTible : for if it moves in 
the place where it is, it will never depart from chat 
place, and fo diere will be no Motion ; in like man- 
ner it cannot move in the place where it is nor, be- 
caiife nothing aifls in a place where it is not : there- 
fore a Body will not move at all. I anfwer, that a 
Body neitfier moves in the place where it is, ]ior in 
the place where it is not, but it moves fiom one 
place to another. 

The fecond Argument ITiall be that of Zma, fo 
which he gave the Name of Achilles : and thereby he 
endeavours to prove, thai if there befuch a thing as 
Motion, Achilles, though ever fo fwifr, could never 
overtake a Tortoifr, though the flowelt of Animals. 
The Argument is this; Su^^o^c Achilles to be dirtant 
from the Tortoifc a certain finite Space, as, tor 
eitample, a Mile, and let us fuppole he moves an 
hundred times fader than the Tortoife i therefore whilft; 
AcbiUes runs one Mile, the Tortoife has moved forwards 
itje hundredth part of a Mile; fo th:xi Achilles h^^ 
F 3 ^^o\ 
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not yet overtaken the Tortoife : And . _ 

Achilks paffts over that hundredth part of a Mi!e, i_ 

Tortoife in t!ie mean while wiil have crceped through' 
the ten thoufandth part of a Mile ; infomuch that 
neither has Achilles yet overtaken the Tortoife. After 
riie fame manner, whilfl: Achilles runs that ten thou- 
landth part of a Mile, the Tortoife will have advanced 
forward ihe million part of a Mile ; fo that .Acbillet 
has not yet come up with the Tortoife. And fo he 
may go on in infinitum, nor will he ever be able to 
overtake the Tortoife, but there will be always foraa 
diftancc betwixt Achilles and the Tortoife. 

This is the famous Argument of Zeno i to an- 
iwer which, feme have wrote whole Treatifes : but 
we Jhal) cafily diflblve the Knot, by faying. That a 
Mile, together with the hundredth part of a Mile, 
together with the ten thoufandth part of a Mile, 
■with the million part of a Mile, and fo on in irjim- 
tuBiy Will be equal to a finite Qjantity. For it ia 
demonflrared by the Arithmeticians, that the Sum of 
any Series of Quantities decreafing in any Gcomc- 
trica! proportion in ittfinitum, will be equal to a 
finite Quantity; but the —part of a Mile, toge- 
ther with the - jp ' ^ - p ' part, together with thej^;^^ 
part, together with the *- , or the hundred 

million part, and fo on in infinitum, is a Series of 
QuanEitles decreafing in Geometrical Proportion in 
injhtiium ; fo that its Sum, fince it is equal to a 
finite Quantity, may be run over by a Body moving 
with a given Velocity, in a finite time. For let us 
fuppofc Achilles in the fpace of an Hour to run a 
Mile, and therefore he will pafs over the hundredth 
part of a Mile in the hundredth part of an Hour, 
and the ten thoufandih part of a Mile in the I 

tha 
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thoLifandtb part of an Hour \ and after the famC' 
manner he will move through the million part of a- 
Mile in the million part of an Hour, and lb of the 
reft. If therefore one Hour, together with the hun- 
dredth part of an Hour, together with the ten thou- 
landth part of an Hour, together with the million 

part of an Hour, ■\ ? , ^c. in infinitum i if 

I fay, the Sum of this Series continued in infimtum 
is equal to an infinite Space of Time, it is certain 
Achilles Would never overtalce the Tortoife in any 
finite time : but fince, as we faid before, the 
1 1 — ^ £f?f. Parts of an Hour, is 

a Series of Quantities decreafing in Geometrical Pro- 
portion in infinitum ; its Sum will be equal to a finite 
Quantity, vix. the ninety-ninth part of an Hour, 
as might be eafily dcmonftrated. And within that 
Space of Time, all the Particles of Time, however 
infinite in Number, will be paffed by. We fay 
therefore, that Achilles will overtake the Tortoife, af- 
ter one Hour, and all thofe Particles of Time con- 
tained in the foregoing Series, and which are infinite 
in Number, are expired; that is, he will arrive at the 
Tortoife, after one Hour ani\ the ninety-ninth Part of 
an Hour : And (b the Force of tiiis Argument is 
deftroyed. the' its Patrons have fo often boafted of it 
as unanfwerable. 

This Argument is alfo wont to be brought a- 
gainft Motion : Let B and C be two contiguous 
Points, and the Body A be moved from B to C, in 
an Inftant D : when A is moved, it is fuppofed to be 
in B, aiid therefore in that Inftant it cannot arrive at 
C, namely, becaufe it is fuppofed to be in B; and 
it cannot be in both iti the fame Inftant, becaufe no- 
thing can be at once in two places, that is, in the 
fame Inftant ; and tliereforc in the Inftant in which 
F4 
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li referred to other Bodies, and determined by l 

I Diftances from, and Pofitions to, other Bodies™ 

li for example, kt us fiippofe any one to fie in the < 

Iruer of fome Ho'jfe ; his place will be defined by the 

piftance, Refpeft, and Pofuion, that he has to other 

i( -Corners, Walls, and fiirrounding Bodies, that are 

■.looked upon as immoveable ; and as long as he keeps 

■ "jlie laniL; Diftance and Situation from thele Bodies, 

J long is he fuppofed to remain in the fame Place. 

o lilcewife if any one fits in a Ship, whether the 

pF<£hip moves or not, as lo:ig as he keeps at the (kme 

piftance from all the Pares of the Ship, which are 

Jooked upon as being at reflr, and his Pofition to them 

all remains the fame, his relatire Place will alfo rc- 

BMnain the fame. 

What we hare faid of Place, may be in like 
manner applied to Space ; for that may be diftin- 
^uifhed into abfoliite and relative. We call that ab- 
foiute, which of its own nature, and without rela- 
tion to any thing bcfides, always remains fimilar and 
immoveable. But that is relative which is referred to 
fome Bodies, by which it is determined and mea- 
fiired ; whole Parts, to wit, always keep the fame 
Pofition and Situation to thofe Bodies, and 
Diftance from them '^'m. Bodies) always 
unchanged and the fame. 

Relative Space is always the fame with ^ 
lute Space in Magnitude and Figure, but howe^r it 
is not necefiary that it fliouid be always numerically 
the iame Space : for if we fuppofe the Ship to be 
moved, the abfolute Space contained within the Cavity 
of the Ship, will be difFerent in different Places ; bur 
fince the Cavity and Figure of the Ship remain the 
fame, the Magnitude of the Space contained in it, 
and its Figure will be the fanif, and its Parts alike 
fituated will always have the lame Pofition and Di- 
flance in refpeft to the fame Parts of the Ship : and 
I fhcne- 
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therefore it ought to be called the : 
Space. 

S o likewife in the Bypothefis of the Earth's Mo- 
tion, ih,e Space that is contained within the Walls 
of any Building, altho* by confidering it as abfoliite, 
always is changed ; yet fince the Cavity of the Build- 
ing remains the faipe, there is the fame Figure, and 
all the fimiiar Parts of the contained Space always 
keep the fame Situation to the fame Parts of the 
Building; and fince they always obferve the fame 
Pofition to the relative Space of our Air, as alfo to 
all the Parts of the Earth, that Space may be called 
relative. 

And after the fame manner may T ime be diftin- 
guifhed into abfolutc and relative. Abfolure Time 
Bows equally, that is, it never proceeds faftcr or 
flower, but without any relation to the Motion of 
Bodies, it glides along with an equal Tenour, Re- 
lative or apparent Time is the fenfible Meafure of 
any Duration by the means of Motion ; for fince the 
equal Flux of I'ime itfelf does not afFeft the Senfes, 
there muft be called in the help of an equable Mo- 
tion, as fome fenfible Meafure, which may determine 
its Quantity, whole Parts may always correfpond 
and be proportionable to the Parts of Time. But 
that uniform Motion, which is to be applied to the 
Meafure of Time, ought to be the nioft remarkable, 
obvious (o every one, and affecting the Senfes of all, 
fuch as are commonly thought to be the Revolutions 
of the Sun, and Moon, and Stars: by which we di- 
vide Time into Hours, Days, Months, and Years. 
And as we judge thofe Times to be equal, that pais 
whilft a moving Body, carried by an equable veio- 
city, runs over equal Spaces j fo likewife thofe Times 
are laid lo be equal, which flow whilft the Sun or 
jVIoon perform tiieir Revolutions, that to our Senfes 
<*re*qual. 

But 
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But fince, as we faid before, the Fiux of 1 
cannot be accelerated or retarded, but all Bodies i 
moved fometirpes fafter and /bmctimes (lower, nor 
perhaps is there given in nature a perfeftly equable 
Motion ; it is neceflary that abfolute Time mould 
be fomeihing truly and really diltinft from Motion, 
nor does irs Nature more depend on the Motion of 
Bodies than on their Reft. For let us fuppofe the 
Heavens and the Stars to have remained without 
Motion fiom the very Creation of the World, it does 
not thence follow that the Coiirfe of Time would 
have been at a (land, but the Duration of that qui- 
efcent State would be equal to the very Time that 
is row elapfed. Befides, fince we learn from (he 
Scriptures, that in the days of Jojhua the Sun re- 
mained tor fome time immoveable in the fame part 
of the Heavens, yet abfolure Time was not there- 
fore at a Itand, and began again its Courfe with the 
Sun, but flowed in the fame Tenoiir as before, altho' 
all the Siin-Dials fhcwed the fame Hour of the Day, 
during all the time of that Station ; and fo indeed 
the apparent Time, vix. that related to the Motion 
of the Sun, ftood ftill, when in the mean while the 
abfolute Time proceeded uniformly on. 

So iikewifs (ince at prefent the apparent Motion 
of the Sun is not uniform, neither will its diurnal 
Revolution be equable, as all the Aftronomcrs ac- 
knowledge, but fometimes it proceeds in a fwifter, 
fometimcs in a flower degree j and therefore the na- 
tural Day, vux,3«,«£jiDv, or the Space of Time ekpfed 
in one diurnal Revolution, will be fometimes Ids, 
fometimes greater : fo that the apparent Time does 
not proceed in the fame Tenour as die ab(bluie> 
whence it ought to be diftinguilhed from it. 

Since abfolute Time is a Quantity uniformly 
extended, and in its own nature muli fimple, it may 
be aptly reprefcnted and propofcd to our Imagina, 
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lion by the molt fimple Magnitudes : fLich, in the 
firil place, feem to be right Lines and Circles, with 
which and Time there Js a certain Analogy. For all 
,the Parts as well of Time as of right Lines and Circles, 
are every where fimilar and unitorm ; and as a Line 
is generated by the IMotion or Flux of a Point, whofe 
Quantity depends on one Length determinated by 
Motion J fo likewife Time may in feme meafiire be 
looked upon as the Path of an InHant continually gli- 
ding along, whofe Qiiantity flows from one Succeffion, 
as it were flrretched out in Length, and which is de- 
monftrated by the Length of the Space palTcd over ; 
and therefore may be belt reprefented by the Flux of 
s Point or a right Line, which will be often done in 
what follows. 

Bu T it muftbe obferved, that we underftand by 
the word Time, that Space of Time wherein Motion 
is performed ; fo that when we treat of philofophical 
Matters and of Morion, it {viz. Time) may be fitly 
defined with Arifioth, Menfura Motus Jseundum prim 
i^ pofterius ; that is, the Meajure of Motion according 
fo what is paji and what is so come : not indeed as con- 
fidering the abfolute Nature of Time, but that Con- 
nexion which Motion has with it i namely, as no 
Space can be palTed over in an Inftant by a Body in 
Motion, but all Motion is performed fuccclTivciy, 
and according to the Flux of Time, which Motion 
therefore may be compared with the Quantity of Time, 
and be meafured by its Flux. 
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LECTURE VI. 

Definitions, 



\0T 10 N is a continual and fucctffiot 

Change of Place. 
5ll. CeleritV is an JfeSion of Ma- 
lion, ivbereby a Body in Motion pajfet- 
over a given Space in a given Time, 
L.III. But Refi is the Permanence of any Body i 
%. fame Place. 

Hence it follows, that Reft, Motion, and 3 
'lerity are twofold, according to the double Diffinc^ 
[ tion of Place, viz. abfoliitc and relative. 

rV. Absolute Motion is the Change efabfohte "Plaee, 
i its Celerity is meajured by abfoluie Space. 
rV. Absolute Reft is the Permanence of a Body in 

the fame abfoluie Place. 
JTI. Relative Motion is the Change of relative 
Place, whofe Celerity is meafured by relative Space. 
VII, But relative Refl is the Permanence of a Body in 
the fame relative Place. 

From thefe it follows, Firft, That a Pcrfoninay 
relatively be at reft, who yet, in relpeft to abfblute 
Space, may truly and abfolutely be in motion : As, 
for example, if any one Qiould be feared in a Ship, 
fince he keeps the (amti relative Place, and retains 
the fame Situation and Diftantc in relpefl: to the other 
Parts of the Ship, which arc looked upon as qiiicf- 
ccnr, he is relatively at reft* though in the mean 

while 
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while he is carried by the fame Motion, with the i'arae 
Celerity, and according to the Tame Courfe, as the 
Ship is borne by the Winds j in which cafe, all the 
parts of the Ship keeping the fame Situation amongft 
themfelves, will appear to the Spedator placed 
within the Ship, as if they were at reft : on the 
.contrary, whilft the Ship is in motion, the Shore and 
other circumjacent Bodies out of ihe Ship, will ap- 
pear to a Speftator in the Ship, to be moved with 
the (ame Celerity, but towards contrary Parts, as the 
Ship, or it will recede from them. The Reafon of 
this Appearance may be eafily fhewn from Opticks : 
for thofe Bodies leem to be at reft, which keep always 
the fame Pofitions and Diftances in refpedt to the Eye 
itfclf; but thofe Bodies which wc fee to be moved, 
we find them change their Diftance and Pofitions ir» 
refpefl: to our Eyes. But we will confider diis matter 
a litde farther. 

Since Opticks teach us, that every Body, which 
is vifible, has, by means of the Rays which proceed 
from that Objei5t, its Image painted on the bottom 
of the Eye, or Retina ; it follows, that thofe Ob- 
jefls will feem to be moved, whole Images are moved 
on the Retina ; that is, which pais over fucccffively 
the different Parts of the Retina, whilil the Eye is 
fiippofed to be at reft : but thofe Objeds will be 
looked upon as being at reft, whole Images always 
occupy the fame part of the Retina, that is, wheri 
the Motion of thofe Images are not perceived in th? 
bottom of the Eye. And hence it is, that they who 
are feated in a Ship, do not perceive the Motion of 
.the Ship : for all the Parts of the Ship being rela- 
jttvely at reft among themfelves, keeping the fame 
Pofition and Diftance in refpeft to the Eye, will 
faave their Images always painted on the fame ?^rts 
fof the Retina J therefore tiielr Moti.on will noi"fes 
But when the Spciflator rums his Eyes co'wardi 
the 
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the Shore, whilft the Ship is moved, it Is neceflary 
that any external Objeft Ihould change its Situation 
in refpeft to the Eye, and therefore its Image will 
> fucccliively occupy different Parts of the Reuna t 
, that is, the external Objeift will feem' x.6 rtiove. For 
the fame reafon, if the Earth is moved about the 
I Sun, or its own Axis, its Motion will not be pcr- 
* eeived by the Inhabitants of the Earth j viz. fince 
the Edifices and all vifible Ol^efts on the Earth re- 
maining in the fame Parts of the Earth, ^*ill alvfayi 
keep the fame Pofition amongft themfelves and to the 
Eye 1 but if the Stars, and alt other Bodies not Hxed 
Kto the Earth, are beheld, thofe, for the fame caUfc as 
. the Shore before, will be feen to move : th^t is, if 
1 the Earth is turned about its Axis from Weft to Eaft; 
I the Sun and the other Stars will be beheld to move 
I from the Eaft to the Weft. 

Bv T leaving for a: while the Mbtioh of the Earth, 
i' let us return to the Example of a Ship : If the Shij^ 
' is carried in any Dircftion whatever, as, for example, 
towards the Eaft ; and any one fitting in the Prow, 
fhould eaft a Stone towards the Weft, with the iame 
Velocity as the Ship itfelf haS towards the Eaft v 
the Stone in this cafe would feem to the Spectator 
within the Ship, to be moved towards the Weft, and 
its relative Velocity would be ef]ual to the ablblute 
Celerity of the Ship iifelf : yet in truth the Stone 
would be at reft in the abfblute Space, abftra^ing 
from the Motion of the Earth, and all that which 
may arife from Gravity. And if we fuppofc any 
Peribn to be placed out of the Ship hanging in tht 
Air, he would behold the Stone at reft i but fincc 
the Stone is heavy, he would lee it move only per- 
pendicularly downwards, not tending more towards 
the Eaft than towards the Weft ; for the Force im- 
prcQcd on the Stone by the Cafter, does nothing 
<ile but deflxoy the equal Force of Motion, that was 
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tomtminicated to it from the Ship moving in a con- 
trary Direflioni for any Body or Space being in 
motion, likewife all Bodies or Partlclis of Bodits re- 
latively at reft within that Body or Space, will be 
moved with the fame Celerity, and in the fame Di- 
rection, 

BnT fome may objefl, That the Stone tJirowrt 
frpm the Hand ot the Cafter, lights on the Poup, 
and gives it a Blow : and fince the Stont; [b ikes ag.iinft 
the Poup itfclf, it cannot but be movt'd. i anlwer, 
it is true indeed that tliofe who are within the Ship 
behold the Stone lighting on and ftriking againft the 
I*OLip ; but if any one is fiippofed hanging in the Air 
out oFthe Ship, he would not fee the Stone moving 
towards the Poup, but the Poup towards the fftone, 
and ftriking it \ and the Magnitude of the Stroke^ 
that is received on each Body, will be altogether 
the fame as if the Ship was at reftj and the Stono *1 
featly impelled towards the Poup with the fame Ce- 
lerity wherewith the Poup arfivcs al the Stone, For 
if there are two Bodies, A 
dnd B, however equal or un- 
equal ; the Force of Percuflion 
■Will be the fame, whether B 
with a given Celerity impinges 
on the Body A a:t reft, or ifB 
be at reft, and A with the fime Celerity rufhes on 
h ; or if each Body fhould be moved towards the fame 
part, and the fubfequent Body A moving the fafteft, 
fliould impinge on B ; the Quantity of the Scroi;e 
will be the fame, as if B was altogether at reft, and 
A was only born along with the DilFervnce of Cele- 
rities, that is, whereby its Celerity exceeds the Ce- 
lerity of the Body B: or laftly, if A and B were 
carried towards different Parts, the Magnitude <jf 
the Stroke would be the fame, as if one was at reft, 
and the other moved, with a Cclericy that is equal 



8 * An JntrodoBion fa- 

ta the Sum of die former Velocities, I fay, in lEbrt, 
the relative Velocity of Bodies always remaining the 
fame, as that wherewith they arrive at one another, 
the Quantity of PcrculTion will be likewife the fame, 
however the true Velocities are ihared, as will be de- 
monftrated hereafter. But lee us return to our Ex- 
ample of the Ship. 

If the Force with which a Stone is thrown by the 
Carter, ' is lefs than that which it receives in chift 
cafe from the Motion of the Ship, that Stone is truly 
carried by its abfolute Motion towards the latnc 
Parts, as the Ship itfelf: that is, it w-ill be feen to 
move by the Speftator, whom we have fuppofcd to 
be placed out of the Ship in the Air, towards the 
Eaft, with a Celerity, whereby the Celerity of the 
Ship exceeds the Celerity of the Motion ImpreiTcd 
by the Hand of the Cailerj. but to thofe placed in 
the Ship, the Stone will appear to move towards the 
Weft, with the very fame Celerity that it received 
from the Hand of the Cafter, with which alfo ii will 
fccm to ftrike on the Poup. 

But if any one fitting in the ^iip Ihould throw 
a Stone towards the Prow, its true and abfolute 
Moiion would be towards the Prow or Eaft, and it 
would be beheld by our Spcdtator placed out of the 
Ship, to be carried with a Celerity that is equal to 
the Sum of two Celerities, whereof one is that whij " 
the Stone receiv'd from the Carter, the other 
which was communicated to it from the Motii 
the Ship. 

All thefe things may be apply'd to the Hypo- 
ihsfis of the Earth's Motion. For if the Earth only 
revolved about its Axis from the Weft towards the 
Eaft, and a Stone or Bullet ftiould be thrown 
Cannon to the Wert, with that Velocity whereby 
Eaich is turned about its Axis-, the Impetus, I 
the Bullcc receives f:um the Cannon,, woiJd dcfti 
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the contrary Impetus, that was iniprefled on it by- 
the Earth ; fo that the BuiJct wouid be- at reft iit \ 
ihe abfolute Space, if we have no regard to the Mo- '■■ 
don arifing from its Gravity. Neverthclefs thofe 
that live on the Earth, and revolve together with it, 
would behold the Stone or Bullet fwihly carrifd to- 
wards the Weft; and if any Wall was oppos'd to its 
apparent Motion, they would fee the Bullet ftriking 
againit the Wall with the fame force as tf the Wall 
was really at reft, and the Bullet impinged againft i: 
frith the Celerity, which in that cafe it had received 
from the Explofion; for, as we fiid befort-, the 
Quantity of the Stroke would be the fame, whether 
the Bullet was thrown with the determinate Celerity 
againit the Wall at reft, or the Wail met the Bullet 
at reft with the fame Celeniy. 

If the Force that is imprefled on the Bullet by the 
Explofion of the Gun, be lefs than that which is com- 
municated to it by the diurnal. Motiofi of the Earth, 
the Bullet will be really carried towards the Eaiij 
but becaule its Velocity is lefs than that whereby we 
are revolved towards the Eaft, the Buliec will appear 
to us to tend towards the Weft, and any Objeft that 
oppofes its apparent Motion, will feem to be ftruck 
by it with the fame force, as if really the Obftatle 
had remained in tiie fame abfolute Space, and tiie 
Bullet had impinged on it with the Force it received 
from the Gun. if, laftly, the Bullet be difploded 
towards the Eaft, its abfolute Motion will be to- 
wards the Eaft, and its Velocity will as much eSceed , 
the Velocity wherewith the Earth is moved, as is 
that which is impreired on the Bullet by the Gunj 
fo ilut it rufhes on and ftrikes againft any Obftacle 
with that only Difference of Velocity. 

And univerfally, of all Bodies ircKided in a given 

Space, their Motions amongft themfclves will be the 

fame, their Congrefs the fame, the fame F-oice of 

G 2 their 
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their Perciifiion, whether that Space is at reft, or 
rpovfs unit'ornily in a right Line, 

Having, and that prolixly enough, explained 
Motion, Refl:, Celerity, as wcil abfoluteas relative, 
we now come lo dt-fine other Terms. 

Vni. The Space pajfed over' is the Way that by a 
Body is run ibrough in its Motion, 

IX. I T s Length is the right Line that is defcribed ly 
the Center of the moved Body. 

X. The DireSiion of Motion is the right Line wbilber 
the moving Body tends, 

XI. Eq^w able Motion is "jjhen the moving Body de- 
fer ibes all the Parts ef the Length or Space pajfed over 
always with the fame Celerity. 

XII. Accelerated Motion is that, wbofe Ve- 
locity increafes continually. 

XIII. Retarded Motion is that, whofe Velocity 
is cBntimially dimnijhed. 

XIV. Motion eqaakfy accelerated is thai te "which 
in equal times there is always added equal Increments 
ef Velocity. 

XV. Mo T ro N eqttahly retarded is that, whofe Velo- 
city in equal Times equally decreafes, even to refl. 

XVI. A Momentum {which is often called the 
^anlily ef Motion, and alfojimply Motion) is that 
Power or Force incident to moving Bodies, whereby they 
continually tend from their prefent Places. 

KVII. Bn T rt» Impediment is that, which obJiruBs or 
refijis Motion, and dejiroys, or at leaji diminijhes it, 

XVIII. Th amoving Force is the Power of an jigent 
to caufe Motion. 

XIX. An imprejfed Force is an Anion exerted on a 
Bo^, to change its State either of Motim or Rejt. 

If a Body A at reft is put in motion with a given 

Celerity, the Force that is impreffed on it, and by 

receiving 
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receiving which it begins to move with a given Ve- 
Jocity, is called the impreflcd Force; in which cafe 
it only differs from the moving Force in the IVIanner 
of conceiving it; for the fame Force, as it proceeds 
from the Agent, is .callfd the moving Force, and as 
it is received by the Patient, the imprcHVd Force, 
So likewife if a Body B is moving, a certain determi- 
nate Force is required to diminiih its Motion, and 
alfo a certain determinate Force is nccelTary to put 
a thorough ftop to its iVlotion; which, when it is 
exerted on the Body B, it Is called the imprelTcd 
Force. 

I Am nQt ignorant that there are fome Philolb- 
pheis who do notdtftingnilh tlieQuantity of Motion 
from its Celerity; but fay thofe Bodies have tqual 
Motions, that are moved with an equal Celerity, 
whether the Bodies themfelves are equiil or unequal, 
whether one is very fmali, and the Qther ever fo 
great, fo that eatJi Body is carried with the iame 
Velocity, they contend that the Quantity of Mo- 
tion in each will always remain the fame. But not 
only Reafon, but Experience, fliews that Motion is 
not only increafed in the Ratio of the Velocity, but 
alfo in that of the Bulk or Magnitude, the Bodies 
being fuppofed homogene^l, or of the fame Species: 
As, for example, let A and B _ 

|3C two Bodies, A the greater, 
and B the Icfs, and the Mo- 
mentum or Quantity of Moiion 
of A will lie not only greater 
than the Momentum of B, if A is moved Iwifter than 
Bi but if both are carried with an equal Celerity, 
the Force or Energy whereby the greater Body A is 
carried, will be greater than that which the Body B 
lias to change its place; becaufe there is required a 
greater contrary Force of an ObilacJe or Impediment 
HP ftop the Motion of the greater Body A, than thap 
G 3 which 
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which is necefTary to deftroy the Motion of the left 
Body B. For if the Body A is an hundred Pounds 
weigKr, but the Body B one Pound only, and if ii> 
both Bodies the Celerities are equal -, the Force that 
die Body A exerts, and whereby it endeavours tq 
remove an Obftacle, (and therefore the Force of the 
Impediment refifting and deftroying its Motion, will 
be miich greater than the Force of the Motion of the 
Body B) viz. whereby it endeavours to remove the 
Impediment, and the Force of that Impediment, 
which is neccfiarily required to deftroy thrMotiori 
of the Body B, will be lefs [han the Force of the 
Impediment that (hall be fufficient to take 4way the 
Motion of the moving Body A. But we (hall here- 
after giv? Tiieorems, whereby may be c(Hmated the 
Quantity of Motion, and its Meafure be determined. 

XX. Those moving Forces are equal, which a^ing 
e!ike, produce equal ^mnttties of Motion in a given 
Time. 

XXI. T H OS E Forces are contrary, whefe Lines of Li' 
reliion are cenlrary. 

XXII. Gravity (i a Force hearing downwards^ 
•whereby Bodies lend to the Earth in right Lines. 

XXIII. A Centripetal Force is that Fioi 
whereby a Bot^ conttnually tends to fame Point as\ 
Center; and hence it follows, that Gravity is a certtm 
centripetal Force. 

XXIV. ^vrhya Centrifugal Force we mean a Force 
whereby at^ Body is continually follicited to receT^ 
from a Center. 

But thefe Forces are always eftimated by the 
contrary Forces, that are^ able to keep the Bodies in 
the fame ftate. So if any Body fixed to a String is 
revolved about an immoveable Center, the Force 
>vficreby it endeavours to recede from the Center, is 

the 
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the centrifugal Force; but the Action of the String 
relifting and continually drawing back the Body 
towards the 'Center, whereby it comes to pafs that 
the Body is always retained in the fame Circle, will 
4k as a centripetal Force equaJ to the centrifugal one, 
(o that oneofthcfe Forces may be apdy eltimated 
ty the other. So iikewife the Force of Gravity of 
any Body is known by a Force corurary and equal 
to it, whereby its Defcent may be hindered. But 
that Force may be either the weight of another 
Body atting contrariJy by means of a mechanical 
Inftramcnt, as, for example, a Balance, or a centri- 
fugal Force that will arifc, if that Body revolves \n a. 
Circle about the Center of the Earth with forae ccrtalri 
and determinate Velocityi or laftly, it may be the 
Firmnefs and Refiftance of another Body on winch 
iJie prclfing Weight rcfts. 

XXV. The Accelerating ^anlity ef my Farce, is 
the Meafure of the i'docitywhtcb thut Force generates 
in a given time. 

A T the fame Diftance from the Earth, all Bodies, 
of how unequal weight foevcr they are, do defceiid 
equally fwifc, and therefore their accelerating Forces 
are equal i but at unequal Diftances they arc un- 
equally accelerated, viz. at a greater, Icfs; at a Icfs 
Diftance, more. 
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LECTURE VIII. 



[i A V I N G finifhed the Definitions, which 

were nceeflary to explain fuch things as arc 
not fufficientiy clear, or tliofe Terras ihi-t 
are Icfs ufiial, we now come to treat of tl.e 
Philolbphica! Axioms. But fince the Objeit of Nani- 
ral Philofophy are Bodies and iheii Actions on one an- 
other, wjiich are notfo eafily and diftinflJy conceived, 
as thofc fimple Spt:cies of iWagnitudes which are the 
Siibjuift of Geometry-, I woLild not have any one, 
in phyfical M.irters, infift lb much on a ligid Me- 
thod of Dcmonftration, as to exprdt the Principles 
of Demoiiftrations, that is, Axioms fo clear and evi- 
dent in themfelves, as thofe that arc delivered in the 
Elements of Geometry : for i he Nature of the thing 
will not admit of fuch. But we think it fufEcient, 
if we deliver fuch as we apprehend are congruous to 
Rcafon and Experience, whofe Truth fhines out, as 
Jtweie, atfirftview, which procure the Behtf of fuch 
as are nor obftinate, and lo which nobody can deny 
his Affent, unlefs heprofcfies himfcif to be altogether 
a Scepiick. 

But alfo in demonftrating, it is nceeflary to make 
ufe of a more lax fort ofReafoning, and lo exhiblte 
Propofitioi>s that are not abfokiiely true, but nearly 
approaching to the Truth, As, for example, when 
it is demonftrated that all the Vibrations of the lame 
Pendulum made in the fmall Arches of a Circle, arc of 
equal Duration ; it is here fuppofed, that the fmall 
Arch of a Circle and its Chord are of the lame De- 
fliviiy, and of the lame Length; which however, if 
fuc regard the rigid Truth, js not to be admitted', 

but 
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but in Phyficks, this Hypotliefis varies fo lictle from 
the Truth, that the Differt:nce ought jullly to be 
jieglefted, and the Dil'agrecnient ot the Vibrations 
anting from that difference, is altogether infeufible, 
as is proved by ExpL-rience. So hktwife that eminent 
Philolbpher and Geometer, Dr. Gregory, in his Elc- 
fnenli of Catoptricks and Dioplricks, makes ufe of 3 
.more lax Geometry, by afluming Lines and Angles 
as equal, that in reality are unequal, tho' they accede 
nearly to an Equality: And lb he folves many beau- 
tifiil Phyfical Problems, which otherwife would prove 
very intricate. And alio this Method feems to be ap- 
proved of fometimes by Sir Ifaac Ncjiton himfelf, as 
may be feen in Prop. ^.Lib.2. oi his P&ilofopbia Na- 
turalis Prindp. Maih. 

B(jT if there are any who harden their Minds 
Bgain(V fuch Principles and Demonftrations, and will 
not fuffer themfelves to be convinced by Propofitions 
fnfficiently manifelli we leave fuch to erijoy their fii- 
pine Ignorance, nor do we think them worthy to be 
admitted to the knowledge ofthetriie Philofophy, 
AXIOMS. 

Theke are no Properties or AffeSlions of a 'Non- 
entity or Nothing. 
N' o Body can he naturally annihilated. 
Every Mutation induced in a natural Body, pro- 
ceeds from an external Agent; for every Body is a 
lijl left Heap of Matter, and it cannot induce any Mu- 
tation in itfelf. 

[V. Effects are proportionable to their adequate 
Caufes. 

V. 'tK^ Caufes of Natural Things are fuch, as are the 
tnoftfimple, andarefufficient to explain the Phtenemena : 
for Nature alw<rfs proceeds in the fmplejl and msjl ex- 
peditious Method ; becaufe by this Manner of operating 
the Divine Wifdom difplays itfelf the more. 

vr. 
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VI. Na t tj r a l Effetls of the fame kind have the 
fame Caufes : as the Defceni of a Stone and a Piece of 
i'Vood proceeds from the fame Caufe; and there is alfo 
the fame Caufe of Light and Heat in the Sun and in a 
Kilchen-Fire, of the Refie^Iisn of Light in the Earth 
and in the Planets. 

VII. If two things are fo conneSed together^ that they 
perpetually accompany each other, that is, if one of them 
is changed or removed, the other likewife will be in the 
fame manner changed er removed; either one of thefe 
is the Caufe of the other, or they both proceed from the 
fame common Caufe. 

So if there be a magnetick Needle moveable on 
an Axis, upon a Loadltone being brought near it, and 
jnovcd round it, the Needle will immediately be 
moved with the fame Tenour: and if the Mo- 
tion of the LyOadftone be flopped, the Circuiadon 
of the Needle likewife ftops; and it will again be- 
gin 10 revolve, as roon as the Loadftone is again 
moved: whence nobody can doubt, but that the 
circular Motion of the Needle depends on the Mo- 
rion of the Loadftone. So likewife fince the Flux 
and Reflux of the Sea happens at the fame place when 
the Moon comes to ihe fame Hour-CircIe, and con- 
flantly obferves its Motion} infomuch that a Period 
of the Tides fo precifely anfwers to the Period of 
the Moon's Motions, that there lias been found no 
Aberration for fo many Ages; for it is retarded 48 
Minutes every day, and at the Conjundlion of the 
Sun and Moon, the Tides are always at the higheft, 
and in their Quadratures at the Joweft: Whence it 
muft be granted, that the Flux of the Sea depends on 
the Motion of the Moor, and its Slfiution in relpetfl 
fta die Sun. 

vm. 
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Vni. A N V Body being moved in a>r/ DireSlion, all its 
Particles which are relatively at reft in it, proceed to- 
gether in the fame Direilion with the fame Velocity \ 
that is, a relative Place being moved, that which is 
placed therein will he alfo moved. 

JX. E'l.u A L ^amities of Matter carried along with 
the fame Velocity, their Momenta or ^antides of Mo- 
tion will be equal. 

Fo R the Momentym of any Body is the Sum of 
«te Momenta of alt the Particles compofing that 
^ody; and therefore where [he Magnitudes and 
Numbers of the Particles are equal, the Momenta 
will be equal. 

X. Eqju A L find contrary Forces a£iin^ on the fame 
Body, defray their mutual EffeEls. 

XI. BuT/rpw unequal and contrary Forces there is 
produced (I Motion Equivalent to the Excefs of the 
^eater Force. 

XII. v^MoTiou produced from confpiring Forces, 
that is, aiiifjg in the fame Dire^ion, is equivalent to 
their Sum. 

^III. If what is equivalent be either augmented, or its 
contrary dimtnijhed, then it becomes the greater. 

They who would philofophize mechanically,- ex- 

hibite the two following. 

^CTV. All Matter is every where of the fame Nature.^ 
and has the fame ejfential Attributes, whether it is in 
the HeavEJis or en the Earth, whether it appears under 
tie form of a fluid Body, or a hard, or of any other 
whatever ; that is, (he Matter of any Body, for exam- 
ple of Wood, does not differ effentially from the Matter 
ef any other Body whatever. 

XV. But the different Forms of Bodies are nothing but 

the different Modifications of the fame Matter ; and 

depend on the various Magnitude, Figure, Texture, Pc~ 

fition^ 
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^/fsofi, and clher Modes of ibe Particles «j 

Bodies. 
XVI. S o Ukewife the Slualities^ or Aniens er 
effome Bodies en other Bodies, arife only fn 
former jiffeRiom and Motion conjointly. 

But the Philofopliers fuppofe Matter to be the 
common Siibjedl or Subjlratum of all Forms and Qiia- 
litics; that it is indifferent to them all, f.nce ic is 
capable of them all, and remains the fame under 
whatever Form it may appear; and whence it is 
called by the i'cripatc ticks Materia Prima, or the firft 
Matter. 

But although Forms and Qualities are altogether 
accidental lo Matter, yet they neceflarily and eflen- 
lially belong to Body, which is made up of Form and 
Matter together: as, for example, although the 
Matter of Wood is altogether indifferent to this or 
that Form or Figure and Texture of Particles, which 
being varied infinite ways, remains the lame; ycc 
the Wood cannot liibfift without that determinate 
Modification of Particles, which conftitutes the Form 
of a wooden Body ; which being removed, the Wood 
pcriflics, and the lame Matter palTes into a Body of 
another kind. But that the Form of a wooden Body 
con fills in the Modification of Particles, is manifeft 
upon putting the Wood into the Fire» whereby lis 
Matter is deprived of its Form; for by the Force of 
the Fire is diflblved the Connection and Texture of 
Particles, and fume part of them palTes into Smoke 
and Vapours, and the other is reduced into Afhes. 

Many Examples are alledged by the Philofij- 
phcrs, to {hew ihut the various Magnitudes, Figures, 
and Textures of the Particles of the fame Matter 
may produce various Forms of Bodies, and that va- 
rious Qualities may arife from their various Motion 
and Politioo i uf which we ihall here give ibme In- 
fiaoce$. Firs? 
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First of all, when the Particles of Water are 
farefied by the Heat of the Sun, they are rais'd out 
of the Sea aloft into the Air under the form of Va- 
pours; but this new Form is owing to nothing but 
Jie changed Situation of the Parts: for by Rsrc- 
feftion it happens, that the Particles of Water con- 
Fain in themielves more, and perhaps larger Spaces, 
either altogether empty, or oni'y replete with a very 
rare ^thcr; whence their Matter takes up a larger 
Space than an equal Quantity of aerial Matter, and 
jt is rendered lefs intenfively denle than the Air, 
and therefore it is forced upwards after the fame 
manner as Cork is, when it is immerfed in Water: 
Nor do thefe Vapours ever flop, till they arrive at 
Air of the fame Gravity, where they reft relatively, 
and compofe Clouds that are of a thoufand Shapes. 

Now when by the Courfe of the Winds the Air 
Is rendered lefs heavy, the Vapours retaining the 
fame Gravity, muft neceflariiy fubfide, and in their 
fell being condenfed by the Refiitance of the Air, 
and driven into a leis fpace, they lofe their Form, 
and falhng to the Earth, afflime the Species of Rain. 

Much the greatefl: pirt of this is carried to the 
Sea in Rivers, to be changed again into Vapours; 
but fome part of it mixes with the Earth, and being 
there depofited, enters into the Roots and Seeds of 
Trees and Hcrb^, whence it ariies into other and 
' Species of Bodies. And the fime Rain-Water 
■«)mpofes different Bodies, as it enters into the dif- 
ferent Seeds of things; foniepalles into Plantanes, 
ibme into GralTes, others into Flowers, others into 
Oaks, Atti, Beech, and other innumerable forts of 
Trees and Plants, 

Nor in the fame Plants does the Ratn-Water 
remain altogether Ilmilar, fmce all Plants confift of 
innumerable heterogeneous Parts : fo in Hemp, for 
ttample, the Root is of one form, the Stalk of ano- 
ther. 
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thcr, the (lender Fibres of another, tlie Flowers kA 
another, the Seed of another, the Cells containing 
the Seed of another. 

The Structure of Veflels in the lame Hemp is 
alfo veiy various j (forj as in an animated Bodyj 
every Plant has Its Veffels ferving for the Circulation 
of the Humours) and thefe Parts are of very diffe- 
rent Properties: the Stalk, for example, is a lig- 
neous Body, and after being dryed, becomes very 

I ^iable; whiift the Rind, or the Membrane covering 

rrfie Stalk, confifts of oblong, very flender and fold - 

L ing Fibres varioufly connefled together. 

I The Hemp-drcflcrs feparate this Mefnbrane from 
■ its Stalk, aud after they have handled it a thoufand 
different ways, they fpin its Fibres inio oblong 
Thrcdsi and the Pofition and Situation of the Par- 
ticles being changed, thefe Fibres take another and 
a very differeni Form from that which they had in 

I the green Plant, 

I Then thefe Threds being wound up, their 
fmalJefl: Particles continuing the fame, appear in the 
Ihapes of Bottoms. The Weavers varioiilly conned 
and weave thefe Threds, and by their Art make out 
of them Webs, that yield Garments for Men. 
Thefe, laftly, being reduced to Linncn RagSi are 
foaked in Water, and by wooden Hammers reduced, 
as it were, into a foft Pulp-, which at length, the 
aqueous Moifture being dried up, is tranfmuted into 
Paper, which if it be put into the Fire, Is turned 
pardy into a very fine Powder, and partly vanilhcs 
in Smoke. 

But all thefe miiitifarious Forms under which the 
fame Matter appears, arife from nothing but the 
charged Figure, Magnitude, and Texture of Par- 
ticles, and only depend on them. 

So when Metals arc melted, the Coherence of 
their Parts isdifiblved by the Force of the Fire, and 

tlie 
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metallick Particles feparated from one another, 
hurried about with a moft rapid Motion, whence 
they aflume the Form of a fluid Body. 

Hence alfo (as ic feems) arifes the Solution of 
Salts and Metals in Menfl:ruums.- for their Parts are 
feparated from one another by Fermentation, and 
being refolved into their leaft Particles, they are agi- 
Sated by the Motion of the Fluid itfcif, whence they 
■will appear as fluid Bodies. From thefe Figures, 
and the other Modifications of Bodies and their 
Parts, there arife many Effeds, many Qiialities pro- 
per to each fort of Bodies, which muft ncctflliriiy be 
deftroyed if the Conftitution of Parts is changed. 
So of the fame Matter, as, tor example, Iron, may 
be formed Keys, Plow-flures, Files, Saws, and in- 
numerable other Inftrumcnts accommodated to va- 
rious Ufes, whole Qualities and Effefts foiely de- 
tpend on their Figures: for whence have Keys tiie 
power of opening Doors, but from their Figure, 
Magnitude, and Congrulty of Paits with the Parts 
of the Locks into which thty are put? Whence 
have Wedges and Plow-fliares their power of (plit- 
■fing and dividing Bodies? Have not the Writers of 
iMcchanicks demon ft rated, that they derive it from 
their Figure alone? Whence arethofe fo regular Mo- 
tions performed in Clocks or Watches, but from the 
Wheels being difpofed amongft themfeivcs, adapted 
to one another and joined together? Wlu-nce, laftly, 
is it, that fuch great Effedls are produced by artificial 
Machines? Certainly the Reafon is to he deduced only 
fi-om their Fabrick. 

Nor are natural Bodies lefs indebted to the Con- 
ftitution and Modification of their Parts than artificial 
^^ . for all their Operations proceed only from the 
Motion, Situation, Order, Figure, and Pofition of 
flieir Corpulcles ; which being changed inanyBody^ 
the.Qyahties of that Body are alfo afluaily changed. 

If 
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I F the Superficies of a Body is uneven and rough ,- 
it rcfleiSs every way the Light incident on it ; bccaufe 
the fuperficial Parts receiving and remitting the Light, 
are not all in one and the fame regular Superficies, but 
are placed in almoft infinite, andthofe diflerent Planes: 
whence the Light falling on ihele various Planes, mufl; 
neceflarily be reflefted every way. Hence Ice, which 
when it is whole and fmooth is almoft of no colour, 
yet broken into pieces, and having rough and angu- 
lar Parts, it appears while, viz. when it refiedts Light 
copioufly and on all fides. The Reafon is alio the fame 
for Water's growing white, upon its being turned 
into Froth. 

But fuch is the Struflure of moft vifible Bodies, 
that their Surfaces fuffocatc part of the Rays that 
fall upon them, and remit part. If their Surfaces 
arefo conftituted, as to refleiSt or fuffbcate eqaalfy all 
forts of Rays, their Colour would be white or black,- 
or brownifti, betwixt black and white; for the white 
Colour does no other ways differ from black, than 
as white Bodies refleft abundance of Rays of all 
ibrrs, but the black only a few. This appears from 
the Shade of an opake Body, that whilft the Sun 
fhines, is caft on a white Wail; for that part of the 
Wall where the Shadow is, as it receives much fewer 
Rays than the other Parts, it alfo reflefts much fewer 
Rays, fo that in refpcft to the other Parts it appears 
black. But if thofe other Parts of the Wail had 
not received more Rays than that Part where the 
Shadow fell, it would be all of the fame Colour, •0I2.. 
white. 

I F the Texture of the Superficies is fuch, that ic 
rcflefts one fort of Rays more plentifully, and all the 
reft more fparingly, the Colour of the Superficies 
will approach to that, which arifcs from t!ie Rays 
that arc Kficfted in greater number. This may be 
hence demonftrated, that the Colour of the feme 
I Objeft 
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Qbje^ will be different, as it receives different fortsof 
Rays, the reft being intercepted; which was firft dif- 
covered by the Great Sir Ifaac Newion. So if through 
a Glafs Prifm red Rays (for fo we call thofe that pro- 
duce a red Colour) are caft on a blue Objedl, the Ob- 
je<ft will change its blue Colour, and put on a red one ■, 
but if it receives only yellow Rays, then its Colour 
will be changed into yellow: if the incident Rays are 
blue, it will appear bluej and that Colour will be 
more vivid than all the other Colours, becaiife it re- 
flefts many more of thel'e Rays, and fuffocates fewer 
of them than of the reft. 

1 F the Superficies of a Body is cxadiy fniooth* 
that is, without any Roughnefs or Uncvennefs-, and 
it reflects from it Rays in great plenty, it will refledk 
the Rays that proceed from any Object in fuch a 
manner as to afford a vifible Image of that Objeift. 
And for that rcafon, the Bodies having llich Sur-i- 
faces are called Speculums. If the Speculum is a 
Plane, the Image will be equal to the Object itlelf« 
and its place will be behind the Speculum at a Di- 
ftancc equal to that of the Objeft iifelf from the 
Speculum ; if the Speculum be a I'pherical Concave, 
and the Radiant Object is farther diftant from it than 
the fourth part of the Diameter of the Sphere, the 
Image will appear lianging in the Air between the 
Objeift and the Speculum, and will be Itfs than the 
Objc^i if the Objetft be placed in the Center, the 
image will be alfo there, and equal to it; if the 
Objetft proceeds beyond the Center towards the 
Speculum, fo that its Diftance from it fliall be a 
fourth part of the Diameter of the Sphere, the 
Image from the Speculum will pafs beyond the Cen- 
ter, and be greater than the Objeft; but when the 
Objeft ftiall have arrived at the Diftance of one 
fourth of the Diameter of the Sphere, then the Di- 
flance of the Image will become infinite-, but if it 
H approaches 
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approaches bur a very little nearer to the Specufiim,'. 
the Image will be behind the Speculum, and greater 
than the Objeft iclclf. All thefe Phenomena that are 
fo very different, proceed only from the Alteration of 
Diftances, every thing befides remaining the lame. 

Let us now confider thofe various and altogether 
contrary Effects, which arife from an Alteration only 
in Situation and Pofiiion, every thing elfe being in 
the fame State, except fuch things as depend on the 
Mutation of the Situation. 

All Philofophers now acknowledge the Sun to 
be at reft in the Center of his Syftem,. but the Eardv 
like the other Planets, to be carried about him in the 
fpace of a Yearj yet the Earth moves about the Sua 
in fuch a manner, that its Axis remains, always pa- 
rallel to itfelf, not indeed perpendicular to the Plane 
of the Earth's Orbit, but inclined to it in an Angle 
of 66", 30'. And by reafon of this Parallelifm and 
Inclination, it follows that the Earth muft fometimes 
turn one of his Poles towards the Sun, fometimes the 
other ; and therefore all the Parts of the Earth will 
have different Situations, in reipeft of the Sun. From 
this Change in its Situation, arife all thofe Viciffitudes 
of Scafon that yearly happen, viz. Summer, Winter, 
Spring, and Autumn: for if the Axis of the Earth 
were perpendicular to the Plane of its Orbit, there 
would be no Alterations of Seafons, no Differences ia 
the Days and Nights, but every Part of the Earth 
would always receive, after the lame manner, the 
equal Forces of the Sun's Rays. 

But fince every part of the Earth changes its 
Situation in refpeft of the Sun, and receives its Rays 
now more,- at another time lefs oblique, now for a 
(hotter duration, then for a longer; there will 
thence arife different and altogether contrary Ap- 
pearances. As in the Autumn the Corn becomes 
ripe, and the Fruits mellow \. yet the Fields by de- 
grees 
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grees lofe their green and pleafant Colour, and tli^ ^^| 
i^eaves fall from the Trees. Afterwards the Winter ^H 
approaching, all things become cold and horrid, the 
Snow covers the higheft Mountains, and the Trees 
labour with its weight; and what is wonderful, the ^^ 
Waters of the Sea become ftable and firmj and what ^^| 
before was only paflable by Ships, now bears Tents ^^| 
and Armies. j^^ 

But the Earth continually revolving in its Orb, 
each Part thereof cl^^nges its Situation in reipett of 
the Sun, and what before was turned from, begins '' 
now to refpeft the Sun: and in the mean while the ^^| 
Snows difappear, the Fields are clothed with Grafs, ^H 
and the Trees adorned with Leaves, the. Horfr now ^^| 
no longer abides in the Stable, nor the Plowman at 
the Fire-fide; but a new and joyful Face of things 
appears, and the Year returns through the Summer 
to the Autumn. ^^1 

Now fince fo many different, fo many contrary ^^| 
Effects happen from the fote Alteration of the Situs- ^^^ 
tion, and ^vt various Phenomena follow from it, all 
the other Caufes remaining the lames certainly from 
•■thePofition, Diftance, Magnitude, Figure and Scmc- 
/ture of the Parts compofing Bodies, from the Motion 
''find Subtility of Effluvia, from the Congruity of 
'bodies, and their Kefped: toother Bodies; I fay, 
'from all iliefe joined and combined together varioufly, ^H 
'and almoft afrer infinite manners,' may proceed al- ^^| 
mofl infinite different Forms, Affections, and Ope- ^H 
j-ations amongft themfelves of Bodies, nor is any 
thing to be found in Nature, that does not depend 
■on thefe. For if thefe are changed, the Forms, 
'Qualities, and Operations of Bodies will be alfo 
■changed. For Example, it iS certain that the mag- 
.netick Attractions and .Diredtions arite from the . 
■Strufture of Parts ; for if a Loadftone be ftruck 
'Mrd -enough, fo that the Pofition of its internal 
H 2 Pans 
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Parts be changed, the Pole of that Loadftone wifl 
alfo be thereby changed. And if a Loadftone be put 
into the Fire, infomiich that the internal Strudiire of 
its Parts be changed or wholly deftroyed, then it 
will iofe all its former Viitue, and will fcarce differ 
from other Stones. 

But although It is in the general Ihewn, that the 
magnetic^ Operations do in fome fort proceed from 
the internal Conftitution of Parts, yet the Modus of 
Operation, deduced from mechanical Principles, and 
fiich as are eafy to be undcrltood, is not yet difco- 
vered. And what fome generally boaft of, concern- 
ing EfRuvia, a fubtik Matter, Particles adapted to 
the Pores cf the Loadftone, Off. does not in the leaft 
lead us to a clear and diftinft Explication of thefe 
Operations! but notwithftanding all thefe things^ 
the magneiick Virtues muft be ftill reckoned amongft 
the occult Qualities. 

From what has been faid, it follows, that the 
Qualities of Bodies which do not depend on their 
Forms, and which, the Quantity of Maner re- 
maining the fame, are not increafed or remitted, but 
are in all forts of Bodies upon which we can make 
any Experiments i are the univcrfal Qualities of all 
Bodies. For fmce they do not proceed from the 
Form or Modifications of Bodies, they muft depend 
on the Matter itfelfj but fince the Nature of all 
Matter is the fame, and any part of it differs from 
another only by fome Modes, the Qualities not pro- 
duced by thefe Modes will be the fame in all MatttH.^ 
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I.ECTURE IX. 

Theorems of the ^antUy of Motion^ 
and of Spaces paffed over by Bodies 
in Motion, 

THEOR. I. 

N comparing the MBtions of Bodies^ if the 
Entities ofMatfer of Bodies in motion are 
equal, the Motnfnia or ^antities of Motion 
iii{li he as the Velocities. 

Let a and B be two Bodies in motion, having 
equal Quantities of Matter, and lee A be moved 
with the Celerity C, but B with the Celerity c, I 
fay, the Momentum or Quan- 
tity of Motion in the moveable 
Body A, is to the Momentum 
or Quantity of Motion in the 
moveable Body B, as the Ccr 
t Icrity C to the Celerity c: for . 
if any Force is impreffed on 
the Body A to move it with 
a given Velocity C, there is required a double Force 
to move the Body B wifh 4 double Velocity, and 3 
triple Force muft be ufed to move it with a triple 
Velocity, and only half that Force is neceflary to 
jnove B with h^lf the Velocity, and fo of other 
Multiples and Submultiples. That is, fince [by the 
^fourth Axiom] EfFefts are proportionable to their 
^equate Caufes, if the Force that is ufed to move 
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the Body B, is double that which is applied to move 

A, the Momentum of that will be alfo double of 
the Momentum of this \ it' the Force is triple, the 
Motion of the Body B will be likewjfe triple the 
Motion of the Body A ; \i but half the Force is 
imprefTed on the Body B, its Momentum will be half 
ihe Momentum of A: that is, fince the Velocity of 
the Body A is univerfally to the Vtlocity of B, as 
the Force imprefTed on the Body A to the Force im- 
prtlTed onB; and as the Force imprefled on the 
moveable Body A to the Force imprefled on the Body 

B, fo is the Momentum or Qitantity of Motion in A, 
to the Momentum or Qjantity of Motion in B, 
the Velocity of the Body in motion A will be to the 
Velocity of the Body in motion B, as the Motion of 
A to the Motion of the moveable Body B. ^. E. D. 

Cor. If the Momenta are as the Velocities, the 
Quantitits of Matter in the moveable Bodies will be 
equal. 

THEOR. II. 

In comparing Mslions, if ibe Celerities are equals the 

Momenta or Siuantities of Motion of Bodies will he as 

the Sluantities of Matter in thofe Bodies; or if the 

moveable Bodies are homogeneal, as their Magnitudes. 

L E T A and B be two Bodies in motion, and each 

of them carried with tlie fame Celerity C ; I fay the 

Momentum of the Body A, 

is to the Momentum of the 

Body B, as the Quantity of 

Matter in A to the Quantity 

of Matter in B. For if the 

C^antity of Matter in A is 

C double that in B, A may be 

divided into two parts, each 
whereof, will have as much Matter, and confe- 
quencly [by Axiom 9.] as much Motion as B has: 
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•viz. fince each Body is moved with the fame VeIoci[y, 
fo that the Momentum of the Body A will be double 
the Momentum of the Body B, If the Quantity of 
Matter in A is triple of that in B, A may be divided 
into three parts, each whereof will have a Quantity of 
Motion equal to that which is in B; and univerfally 
whatever proportion the Matter in A has ro the Mat- 
ter in B, the fame proportion will have the Momen- 
tum of A to the Momentum of B, if each Body is 
carried along with the fame Velocity. 

If the Bodies are homogeneal, their C^antitics of 
Matter will be as their Magnitudes or Hulks; and 
confequently their Motion will be alfo in the lame 
Ratio of their Magnitudes. 

Cor. If the Momenta are as the Quantities of Mat- 
ter, the Celerities of the Bodies will be equal. 

T H E O R. III. 
J N comparitig the Motions of fl«y Bodies, the Ratio of 
the Momenta is compofed of the Ratios of the ^anti- 
ties of Matter^ and of the Cekritses. 
Le T A and Bbe any two moveable Bodies, and 
Jet A be moved with the Celerity C, but B with the 
Celerity c; I fay, the Momentum of A is to the 
Momentum of B, in a 

Ratio compounded of the ^~^ — . 

Ratio of the Quantity of f A ! ( g) ® 
Matter in A, to the ^■^ "-"^ 
Quantity of Matter in — ^ , ■ -,^ , 

S, and of the Ratio of the 
Celerity of the Body A, to the Celerity of the 
Body B, Let there be a third Body G, whofc Mat- 
ter is equal to that which is in A, but let it be moved 
with the Celerity of the Body B. From the Elements 
the Ratio of the Momentum of the Body A, to the _ 
Momentum of the Body B, is compounded of the 
Ratio of the Momentum of the Body A to the 
H 4 Mo- 
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Momentum of the Body G, and of the Ratio of the 
Momentum of the Body G to the Momentum of the 
BodyB: but [by Theor. i.] the Momentum of the 
Body A is to the Momentum of the Body G, as the 
Ce]erity C is to the Celerity c\ and fince G and B 
are moved with the fame Celerity, the Momentum 
of the Body G will be to the Momentum of the Body 
B, as the Quantity of Matter in G or A to the Quan- 
tity of Matter in B. And therefore the Momencum 
of the Body A will be to the MpmentuiTi of the Body 
B, in a Ratio compounded of the Celerity C lo the 
Celerity c, and of the Qiiantiiy of Matter in A or G, 
to the Quantity of Matter in B. ^ £. D. 

Cor. I . I F the Bodies are homogeneal, the Ratio 
of the Momenta will be compounded of the Ratio of 
the Magnitudes and of the Cderities. 

Cor. 2. If it be made as A to B, that is, as [he 

Qiiantity of Matter in A to the Quantity of Matter 

in B, fo is the right Line D to the right Line Ei 

and let be compleated the Reflangles under D and C, 

Pj and under E and c, the Momen- 

Pl J turn of the moveable Body A 

will be to the Momentum of the 

' p ' movrable Body B, as the Reftan- 

. . gle D C to the Redangle E c. 

f] I For becaufe it is as A to B, 

fo D toE, the Ratio compounded 
of the Ratios of A to Bandof C to c, will be equal to 
the Ratio compounded of the Ratios D to E and of C 
IOC; but [by 23 El. 6.] the Ratio compounded of the 
Ratios of D to E and of C to r, is equal to the Ratio of 
the Reiftangle D C to the Reiftangle E c, and [by this 
third Theor.] the Ratio of the Momentum of the 
moveable Body A to die Momentum of the moveable 
Body B, is equal to the Ratio compounded of the 
Ratios of A to B, or of D to E, and of C to < ; 
jvhereforc it will be as the Reftangle D C tQ the 
Reflangle 
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ReAangle E c, fo is the Momentum of the moveable 
Body A to ihe Momentum of the moveable Body B. 
The Momentum therefore of any Body may be con- 
sidered as a Redangle produced from the Muliiplica- 
lion of the Bulk or Quantity of Matter contained in 
that Body into its Celerity. 

Cor. 3. Whe refore whatever is demonftrated 
concerning the Proportion ofthefe Reftangles, the 
fame will be alfo true concerning the Momenta of 
Bodies, their Momenta being proportionable to thefe 
Redangles. For example, if it be as D toE, or as 
A to B, fo is c to C, in this cafe the Momenta of the 
moveable Bodies will be equal : for reftangular Paral- 
lelograms having their Sides reciprocally propor- 
tionable, are [by 14 £/. 6.] equal; and on the con- 
trary, if the Rectangles are equal, their Sides will 
be reciprocally proportionable: that is, if the Quan- 
Htics of Matter, or in Bodies of the fame kind, their 
Magnitudes are reciprocally proportionable to their 
Celerities, their Momenta will be equal; and con- 
verQy, if the Momenta are equal, it will be as the 
Quantity of Matter in one to the Q.uantity of Matter 
in the other, fo reciprocally the Celerity of this to the 
Celerity of that : hence alfo may be demonftraced the 
following 

THE OR. IV. 
I N compared Motions, the Ratio of the Celerities is com- 
pounded ef the direSt Ratio of the Moment, andofthi 
reciprocal Ratio of the ^<antities of Matter. 
L E T A and B be two move- 
able Bodies, and let A be car- 
lied along with the Celerity 
C but B with the Celerity c : 
I fay» C is to e, that is, the 
Celerity of one of the Bodies 
A to the Celerity of the other B, is in a direft Ratio 

of 
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of the Momentum of the Body A to the P 

of the Body B, and a reciprocal Ratio o 

Kr in A to the Matter in B, that is, dircftly as ths 
Matter in B to the Matter in A. Let it be as A to 



he Momen^^l 
io oftheA^H 
dircftlv as tha* 



B, fo the Tight Line E I to the right Line K G ; and 
Jet I L be equal to C, but G H equal to c; and let 
be compleated the Reftangies EL, K H, By what 
has been faid above, the Reftangles EL, KH, will 
reprefent the Momenta of the moving Bodies A and 
B refpetSively: toGH let be applied the Reftangle 
H N equal to the Rectangle E L. Since therefore 
H N is equal to E L, it will be [by 1 6 EL 6.] as I L 
to G H, fo is G N to E Ii but the Ratio of G N Co 
E I is equal to the Ratio of G N to G K, and of 
<3 K to E I J that is, equal to the Ratios of the Red- 
angle H N or E L to the Redangle K H, and of 
G K to EI. Wherefore the Celerity C or I L will 
be to the Celerity t or G H, in a Ratio compounded 
<jf the Ratio of the Momentum E L to the Momcn- 
l-'tam KH, and of the Matter GK to the Matter EI: 
"'tiiat is, the Velocity of any Body is always as its Mo- 
mentum applied to its Matter. ^ E. D. 

ANobythelike manner ofReafonmg it is found, 
that the Matter of any Body is always as the Momen- 
tum applied to its Velocity. 

, A N D thus much concerning the Momenta of Bo- 
dies. The following Theorems concerning the Pro- 
portion of the Spacespafled over by Bodies in motion, 
txc alfo commonly dcmooftrated. 

THEOR. 



^ 



fjatural Philofopby, 
T H E O R. V. 

1 N compared Motions, if the Celerities of I be movingSoiies 
ere equal, (he Spaces run over by them, will be direShf 
as the Times wherein the Actions are performed. 
L E T a Body in motion run the length A B, in tfic 

Time T, with an equable and uniform Motion i alio 
A B 



let the fame or another Body in motion, carried along 
«ith the fame Velocity, run the length C D, in the 
Time : I fay, the Line A B is to the Line C D, as the 
^ime T to the Time /, For if the Time T is double 
that of /, it may be divided into two Parts, each whereof 
will be equal to / ; fo that each Space run over with the 
,lame Velocity in thefc equal Parts of Time, will be 
Qqual to the Space run over in the Time /, and the 
pvo Spaces taken togetlier will be double the Space run 
over in the Time/. In the fame manner, ifT is 
triple of /, T may be divided into three equal Parts* 
and the Spaces run over in each of ihefe Times, will 
|>e equal to the Space run over in the Time/; and 
therefore the three Spaces tak;n together, will be 
triple the Space run over in the Time /. Thefsme 
maybe Ihewn of other Multiples and SubmuJtiples: 

herefore univerfally, whatever propornon T has 
to /, the fame will the Space rim over A B have to 
the Space run over C D. ^-. E. D. 

Car. If the Times are as the Spaces run over, the 
Celerities will be equal. 

T H E O R. VI. 
Ik compared Motions, if the Times of the Motions are 

ffmly the Spaces run aver "^vill l/e as (he Celerities. 

Let 



I 
J 
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Let any moving Body run in a given Time (he 
length A B, with the Celericy C ; and in the fame, or 
^n equal Time, let the iamc or another moving Body 



— E 



run the length DE, with the Celerity c; I fay the 
Line AB is to the Line DE, as the Celerity C to 
the Celerity c. For if the Celerity C is double of 
tf the Space A B run over with the Celerity C, will 
be double the Space D E run over with the Celerity 
' (T; if the Celerity C is triple of c, the Length AB 
will be alfo triple the Length D E ; if C is the Half 
off, AB will be the halfof DE: and univerfaliy, 
fince equal Times are fpcnt in running over the 
Lines, whatever proportion the Celerity C has to tht 
Celerity c, the lame will the Length run over AB 
have to the Length run over D E, ^ E, D. 

Cor. I F the Celerities are as the Spaces run over, 
the Times will be equal. 

The two firft Theorems, as alfo the fifth and this 
fixth, might be demonftrated univerfaJly by Equi- 
multiples, after the manner of Euclid; but fince they 
are fo evident, that they may be looked upon as 
Axioms, they fcarce need fo great an Apparatus of 
Demonftration. 

T H E O R. Vn. 

The Lengths run over are in a Ratio compounded of tit. 
Ratios of lie Times and of the Celerities. " 

Lit the Line A B be run over with the Cell 
C, in the Time Ti and the Line DE with the ^i- 
icriiyc, in the Time /■■ I fay, the Ratio of A B to 

DE 



i^j^n 
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D E is compounded of the Ratio of the Celerity C 
to the Celerity f, and the Ratio of the Time T to 
the Time /. Let the Line F G be run over in tho 




Time T, with the Celerity c\ it is manlfeft, that 
A B is to D E in a Ratio compounded of tlie Ratios 
of ABto FGand of FG to DE. But bccaufe 
A B and F G are run over in the fame time, it will 
be as A B to F G, fo the Celerity C to the Celerity c\ 
but fuice the moving Bodies dcfcribe the Lines F G 
and D E with the lame Celerity, it will be [by 
Thcor. 6.] F G to D E as the Time T to the Time t. 
Wherefore fmcc the Ratio of A B to D E is com- 
pounded of the Ratios of ABto FG, and of FG 
to D E, it will likewife be compounded of the Ratios 
that are equal to thefe Ratios, viz. of the Ratio of 
the Celerity C to the Celerity f, and of the Time T 
to die Time t. 

Cer. I. If H K be made equal to C, HI equal to 
T» alfo M N equal to f, and M O equal to /, and 
let be compleated the 
retSangular Parallelograms 
HL, MPi it will be AS 
to D E, as the Roflangle 
HLtotheReftangleMP: 
for [by 23 El. 6.] the 
Rectangle H L is to the 
RedUngle M P, in a Ra- 
tb compounded of the 

"" .tio8 of HKto MN, and ofHI toMOj but 
the preceding Theorem] the Space run over A B 



H 



KM N 



O 



^t 



J 



io compoiind- 
Jaces run over I 
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is to the Space run over D E, in a Ratio c 

ed of thefe Ratios: whence thefe Spaces i 

may be confidered as Redtanglcs produced from the I 

Times multipJied into the Cclerides. 

Cor. 2. If therefore the Spaces run over are eqaal, 
the Rcftangle under the Celerity and Time, wherein 
one Space is pafTed over, will be alfo equal to the 
Reftangle under the Celerity and Time, wherein the 
other Space is paffcd over; and confequently it will 
be as the Celerity to the Celerity, lb reciprocally is 
the Time to the Time, [by 14 El. 6.] that is, if the 
Spaces run over arc equal, the Times will be reci- 
procally as the Celerities. 

THEOR. Via 

In compared Motions, the Ratio of tht Times it com* 

pounded of the direH Ratio of the Lenph, and sf . 
, reciprocal one of the Celerities. 

This Theorem may be demonftrated from"; 

former, after the fame manner as the fourth follows 
the third; but for the fake of Perfpicuity, we (halJ 
thus briefly evince it. 
Let the Length AB be 
run over in the Time 
T, with the Celerity C* 
alio let the Length D E 
be run over in the Time 
ty with the Celerity c; I fay, the Time T is to iho 
Time ^ in a Ratio compounded of the direft Ratio 
of the Length A B to the Length D E, and of the re- 
ciprocal Ratio of the Celeniy C to the Celerity /. 
Lc! K be the Time wherein the Length A B may be 
run over with the Cdenty c, the Ratio of the Time T 
to the Time/, will be compounded ofiheRarioof 
T to K, and of K to t; but [by th Coral, of the 
.preceding Prop.] it is as T to K, fo c to C (finoc 



eem* 
lorn ' 



A 


B 


D E 


/ c 
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|(he fame Space is run over in each of the Times) 
as K to /, fo is (by the Cor. of Theor. 5.) the Lei _ 
AB to the Length DE. Wherefore T will be tot in 
« Ratio compounded of the Celerity c, to the Celerity 
C, and of the Length AB to the Length DEj that 
is, the Times are in a Ratio compounded of the reci- 
procal Ratio of the Cefcrities, and the direct one of 
the Lengths. ^ E. D. 

After the fame manner may be fhewn, that the 
Cckritie? are in a dircft Ratio of the Lengths, and a 
reciprocal one of the Times. 

Cor. 1. Afio hence it follows, that the Time is as 
'the Space run over applied to the Celerity. 

Cor. 2. The Celerity likewife is as the Space run 
over applied to the Time. 

The third and feventh Theorem may be demon- 
ftrated from this univerfel Theorem, viz. 

If any Effefls depend at the fame time on feveral 
Caufes, in fuch a manner, that as they are augmented 
or diminiflied in the fame Ratio wherein any of the 
Caufes are augmented or diminifhed, thofe Effe<5ts will 
be in a Ratio compounded of all the Caufes ; that is, 
if the Caufes A, B, C, ailing together do produce 
the Effect E, which, all the reft remaining the fame, 
is as fome of the Caufes ; and if other Caufes a, i, c, 
refpeftivcly like the former, and ailing after the fame 
manner, do produce theEffeft e; it will be as E to ^ 
(b Ax BxCtOiix^xf. Which may be eafily Ihewn, 
by almoft the fame Method that we uled in the pre- 
ceding Demon (Irations. 

After the like manner, if the fame Effect de- 
pends on feveral things at once, whereof fome alfift 
or augment the fame, in that Ratio whereby they are 
augmented! but others impede or diminifh it, in the 
;&me Ratio whereby they are augmented : the Effed: 
.will always be diredtly as the affilling Caufes, and re- 
ciprocally as the impeding or diminilhing Agents. 

Thb 



lies) and ^^H 
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le to / in ' ^ 

4 




An tniroduBion U 
The feventh Theorem is thus demonftrated in 
Style of Sir Ifaac Newtsn: 

The Celerity being given, the Space run oTier is a 
Time; and the Time being given, the Space run i 
is as the Celerity : wherefore neither of them being gi^ 
it is as the Celerity and Time conjointly. ' 

So likewiie may the eighth Theorem be (hewn- 

The Celerity being given, the Time is direSlly as the 
Space run over ; and the Space being given, the Time 
is reciprocally as the Celerity : wherefore neither of 
them being given, the Time will be dire^^ly as the Spact 
and reciprocally as the Celerity. 

In like manner may the third and fourth Theo- 
rem be explained, and we ihall fometimes make ufe 
of this Method for the fake of Brevity. 

LECTURE 3 

! N the Demoiiftrations of the preceding^ 
I Lefture we have fliewn a Method, whereby 
! Phyfical Matters may be firft reduced to 
_ J Geometry, and afterwards to Arithmctick: 
for fince it is there demonftrated, that the Morions 
of Bodies are as Redangles under their Celerity and 
Quantity of Matter j from the Celerity and Quantity 
of Matter of any Body being g^ven, there will be 
given its Momentum, viz. equal to a Fa£lum or Pro- 
diift made of the Celerity of the Body into its 
Quantity of Matter. As, for example, let the Body 
A be 8 parts, but B be 6 parts, the Celerity of A as 
5, and the Celerity of the Body B as ^ ; the Motion 

of 
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tifthe Body A will be 40, and the Motion of the 
BodyBUit 18 Pans. 

So from die given Momentum and Quantity of 
Matter of any Body, may be known its Celerity ; 
•uiz. if its Momentum be divided by its Quantity of 
Matter, the Qiiotient will give its Velocity. For 
let the Motion in the Body A be 40 parts, and its 
Calamity ot'Matter 8 partsj let alfo the Motion in 
the Body B be 18 parts, and its Qiiantity of Matter 
6 parts: divide 40 by 8, the Quouent will give 5, 
viz. the Velocity of the moving Body K; and by 
dividing 18 by 6, the Quotient will give 3, the Ve- 
locity of the moving Body B. 

S I N c E by Examples things become more plain, 
and Numbers are to be made ule of in Praiftice, that 
the young Beginners may accudom themfclves the 
better to thefe, let us illuftrate the Science of Mo- 
tion by Numbers, and make ufe of both fpccious and 
numerical Arithmetick; for from fpecious Arithme- 
tick are diJcovered general Canons, which afterwards 
may be applied to particular Numbers, 

So let A denote the Quantity of Matter in any 
given Body B, but Cftand tor its Celerity, and let its 
Momentum be called M -, or rather let thefc Letters 
be put for the Numbers that are proportionable to 
thofe Quantiues: then it will beCxA=:M and 

„ M , . M 
C = — and A = — 
A C- 

In like manner, fince the Space run over is always 
proportionabie to the Rcdtangic under the Celerity 
and the Timei if the Space be called S, t lie Time 
T, and Celerity C, it will be S=CxT; and 

S S 

C= — i and T = — ; and therefore fmcc it is 
T C 

M = A X C, it will alfo be M = ^t^ : or if T is given, 
I i: 
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it wi!l beM=AxSi that is, the Momentum 
any Body is as its Matter tirawn into the Space 
over by it in a given Time. Many other Concli 
fions likcwife, which fome deliver as the Laws > 
Motion, may be deduced from what has hiiherd 
been demonltrated; but fince any Tyro may i 
of himfelf difcover them all, it is not worth while T 
produce them here. 

From what has been demonftrated, it is mani^~ 
feft, that the Momentum of any Body arifes from 
the Motion of all its Parts: for in each PartJde of 
the Body there is an Impetus or Force of moving, 
and from the Sum of thefe Forces is compounded 
the Impetus or Qtiantity of Motion of the whole 
Body. 

Hence alfo may be gathered, that by how much 
the greater is the Quantity of Matter in Bodies, by 
fo much the greater ought the Force to be, in order 
to move thofe Bodies with a given Velocity, and 
therefore their Momenta will be greater in the lame 
Ratio. If therefore there are two Bodies carried 
along with the fame Velocity, the Quantities of 
Matter in them will be always as their Momentaj 
fo that if Bodies which are equal in Btillc, and moved 
with the fame Velocity, have unequal Momenta, it 
is neceflary that the Quantities of Matter in them 
are unequal: and that which has the lefs Momen- 
tum, will have more Pores or Spaces either altogc- 
iJier empty, or replete with fome Matter which docs 
not partake of the Motion of the whole Body, whofe 
Pores it isfuppofedtofill. So, for example, if there 
are two Globes, one of Cork, the other of Lead, 
both of the fame Magnitude, and moved with the 
fame Velocity, fince it is known by Experience, 
that the Momentum of one is much greater than the 
Momentum of the other, it muft follow that there 
are many more Pores in one than in the other ; which 
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it muft be allowed, are either altogether empty, or 
■replete with fome moft llibtile Matter, which may ^a 
freely pals through its Pores, as not to partilce of the 
Motion of the Body whofe Pores it poircdes. 

But that this Matter niay pLTvade the Pores of 
other Bodies, without partaking of th^ir Motion, it 
'is necellary that all Bodifs Ihould have all their Poics 
extended in right Lines parallel to the Dirctftion of 
Motion 1 viz. that there may be no RclleiSions of 
the fubtile Matter againft the Sides of the Pores; 
otherwife the Matter, although ever fo fubtile, will 
be moved together with the Body, wholV Pores it is 
luppofed to fill. The fubtile Matter therefore can- 
not but partake of the Motion of the Body, unltis 
the Body moved be fo difpofcd, that \t has its Pores 
parallel to the Direction of Motion i but fince its 
Situation may be varied infinite other w.iys, that is, 
the Lengths of the Pores may be. inclined to the 
Line of Direflion in infinite Angles; and therefore 
all thefe things being fuppofed, whilrt the Body is 
moving, the fubiile Matter placed in its Pores will be 
■moved along with it : therefore a fubtile Matter can- 
not fo freely pervade the Pores of Bodies, but it tmill 
partake of their Motion; confcquently the Body 
being moved, the Matter alfo contained in it will be 
moved, however fubtile it be. If therefore a Body 
of Cork is moved, it carries along with it the Matt, r 
contained in its Porcsj fo that fince it has a Ic s 
Momentum than a Globe of Lead of the fame Mag- 
nitude, and moved with the iame Velocity, the 
Quantity of Matter in the Body of Curk will be 
Jefs, and confcquently there will be more Pores or 
Spaces abfuiutely empty. 

From what has been demonflrated, may be de- 
duced the following Theorem. 

I 2 THE OR. 
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T H E O R. IX. 

The Wetghls of alljenfihle BoSes near the Sufer0k 
ef the Earth, are froportionable to the ^antitiei^ 
Matter csHtained in them. 

Fo R, as is manifeft from many Experiments 
PendulLims, aJl Bodies falling perpendicularly by 
Force of Gravity (abftrafting the Refinance of 
Air) defcribe equal Spaces in the fame Time. F( 
vacuo, or a Medium that has noRefiftance, the ft 
left Feather takes up no more lime in falling than 
heavy Piece of Lead i (o that the Velocities of all 
Bodies falling in a given Time, are equal ; their 
Momenta therefore will be proportionable to the 
Quantities of Matter contained in them: but the 
Forces generating Morion are always proportionable 
to the Motions or Momenta generated, and therefore 
in this cafe they will be as the Quantities of Matter 
in the Bodies moved ; but the Forces that generate 
thefe Motions, are the Gravitations of Bodies, that 
is» their Weights. Therefore the Weights of 
Bodies are proportionable to the Quantities of" 
ter contained in thofe Bodies. ^ E. D, 

Cor. I. The Weight therefore of any Body, 
be augmented or diminiflicd, from the Quantity of 
its Matter being only augmented or diminiflied. 

Cer. 2. Wherefore the Quantity of Matter 
continuing the fame in any given Body, its Weight 
will alfo continue the fame; and however its Figure, 
or the Texture of the Particles compofing that Body 
be varied, yet its Weight will no: be changed : fo 
that the Weight of no Body depends on its Form or 
Texture. 

Since [by Axiom 14.] the Nature of all Matter 
is the fame, neither does one Body differ from ano- 
ther, but in its Modes, as by the Figure of its 

Fails, 
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parts. Situation, and the like Forms; the AfFe6tion> 
of Bodies, which do not depend on their Forms, will 
be the fame in all Bodies: fo that fince Cas has been 
feid) the Weights of Bodies do not arife from their 
FormSt but depend on their Q-iantity of IVI alter; in 
equal Quantities of Matter, at the fame diftance from 
the Earth, the Gravitations towards the Earth will be 
equal: but if the Weights of two Bodies are unequal, 
the Quantities of Matter contained in them will bt al- 
fo unequal. 

L E T us fuppofe now two Globes of equal Mag- 
nitudes, the one of Lead, the other of Cork; if the 
Quantity of Matter in both was the fame, (by what 
Has been fhewn) both Bodies would equally ponde- 
rate: for the fubtiieft Matter occupying the Pores of 
the Cork, would ponderate equally with the Matter 
of Lead that is equal to it. But fince there is a great 
difference in the Weights of thefe two Bodies, there 
will be alfo a great ditference in the Quantity of their 
Matter; and if Lead is thrice heavier than Cork, the 
Matter contained in the Ij:ad will be triple of that in 
the Cork: fo that there will be more Pores or Spaces 
abfolutely empty in the Cork, than in the Lead. A 
Vacuum therefore is not only poflible, bui actually gi- 
venj which was to be proved. And hence it follows, 
that the Qi^iantity of Matter in any Body may be 
properly eitimated by its Gravity. 

Since the Momentum may be augmented, as 
well by increafing the Quantity of Matter, the Ve- 
locity remaining the fame, as by increaling the Velo- 
city, theQuantity of Matter remaining the fame; the 
Antients (who were ignorant of the Force of Gunpow- 
der to give a fwift Motion to Bodies) to beat down 
their Enemies Walls, madeufe of Machines fo framed, 
that a huge Mafs of Matter might batter the Walls, 
though not with a great Velocity, yet with a violent 
Inqictus: but now-a-days fmall Bullets are hurled 
I 3 out 
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out of Cannon with a great Velocity, by the Ex] 
lion of GLinpowder. But althougfi the warlike 
^nes oftlie Antientswerc much inferiour to ours, 
their Force to overcurn Walls was almoft incredil 
for tijcir Battering-Rams were compofed of vafl: Be 
joined together, whofe Weight may be gathered fl 
hence, that fome of them required fix thoufand f 

{viz. that fome might fiicceed others) to direil tl 

and CO give them their Motion. That part, whereby 
the Wall was battered, was made of folid-lron, and 
they were fo flung by Ropes, {I mean the compounded 
Rams) that tht:ir Lengths were parallel to the Hori- 
zon j whence being drawn backwards by a great num- 
b. r of Men, and immediately driven forwards by their 
Weiglit, and the Forces of the Men afting together, 
they ftnick the Walls with their Iron End: and, ac 
cording [o ihe Tellimony of yi5/i'/>i«j, there weremt' 
Towers fo ftrong, or Walls fo thick, as to ft ' " 
liieir conllant Shocks. 

. In Machines that raife Weights by theCircui 
rations of Wheels, fometimes the Wheels are rcndei 
heavier by the addition of Lead, viz. that the greater 
Qi^iantiiy of Matter may receive the greater impetus 
or Qnantity of Morion; whereby it may the be 
oppolethe Refiflancr, arifing as well from the Ai 
frum- the Frjftton of the Matter, and the longer 
' ftrve their Motion i v/hich therefore once begiini 
b:; eafily continued. 

From the lame Principle alfo it is, that SpJrti 
by putting on heavy Wharls on their Spindles, theii 
Gyrations are continued longer: fince the Part of the 
Motion loll by the Rcfiftance of the Air, bears a Itis 
proportion to the Motion increafed by the addition of 
MatttT, than that which it had to the Motion not thus 
increalid. 

.From what has been faiJ may be foived the fol- 
lowing Problem. 

PROBL. 



a, ac- 
eremt' i 
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P R O B L. I. 

Tofnd the Velocity^ wkerewilb a given Body mtiji be 
moved, fo that it may have a Momentum equal to any 
given Mtmentum. 

Let the given Body be A, whofe Momentum 
ought to be equal to the Momentum of the Body B, 
moved with the Celerity c ; let it be as A to B, fo 
the Celerity c to another Quan- 
tity C; this will be the Ve- i 
Jocity fought, wherewith if m 
the Body A is moved, ics Mo- ^ 

mentum will be equal to the . « 

Momentum of the Body B, as C ^ 

is manifcft from the third Co- 
rollary of the third Theorem. 
For the Momenta of Bodies are equal, if their Ce- 
lerities are reciprocally proportionable to thofe Bo- 
dies; but, by Hypothefis, the Celerity of the Body 
B is to the Celerity of the Body A, as the Body A 
to the Body B: whence the Momentum of the Body 
A will be equal to the Momentum of the Body B. 
^E. I. 

And hence it follows, that a Body, tho' ever fo 
fmall, may have a Momentum equal to the Momen- 
tum of a Body, tho' ever fu great, that is moved with 
a given Velocity, On this Principle depend all the 
^gines which are contrived to draw or raife Bodies : 
for if the Engines are fo difpofed, that the Velocity 
of the Power lliaJI be to the Velocity of the Weight, 
as that Weight is to the Power; I fay, in that cafe 
the Power will fuflain the Weight. We will ilki- 
ftrate this in the five fimple mechanick Machines. 
And firfl: of all in the Lever, which we fiiall here 
Confider as an inflexible Line, whether a right one or 
'fl curve, or compofed of many right Lines, that is 
I 4 move- 
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moveable about a fixed Point, of no Gravity indec 
of itfelf, yet accommodated to fuftain and 
"Weights. 

The fixed Point by which the Lever is fuftain 
and on which it moves round, is called its FidcruM% 
Prop. 

THE OR. X. 
L E T A B ^ff fl Lever only mmieahk round the FuUl 

C, the Space defcribed by each of Us Points^ vi^iUm 

its Dijiance from the Fulcrum. 



For let the Lever be moved out of the Situation 
A C B into the Situation 
fcribe the Periphery A 



AZ. 



Periphery B(3. Now by reafon of the fimilar Se&oM 
AC^, BCf3, A^istoBfS, asACtoBCi that is, 
the Spaces defcribed by the Points A and B, are as 
their Diftances from the Fulcrum. If to the Points 
A and B be applied Powers drawing the Bracbia of 
the Lfver perpendicularly i the Spaces that are de- 
fcribed by them according or contrary to their Pro- 
penfions, are not the Peripheries A «, B/3, but tlie 
Perpendiculars « F, /3 E, let fall on the Brachia of 
the Lever. For the Power in A is moved, according 
to IK proper Direction or Propenfion, through the 
.Space * F only, and no ferther: as, for the fame 

caufc 
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caufe, the way pafled through by the Power B, ac- 
cording to its proper Direftion, is to be eftimated by 

I p E. But by reafon of the cqni-angular Triangles 

[«CF, (3CE, aFis topE as * Cor ACtofSCor 
BCi that is, the Spaces run over by Powers accor- 
ding to their proper DIre<5tions, will be as their Di- 
flances from the Fulcrum. 

But if the Direftion of the Power is not a right 

' Une, perpendicular to the Brachium of the Lever 
AC, let from the Fulcrum to the Line of Direftion 
be drawn the Perpendicular C G, and the Space de- 

'-.fcribed by the Power according to its Propenfion, 
will be proportionable to that Perpendicular : for it 
matters not, whether the Thred FGA, by which 



i 




Power afts, Is affixed to the Point G or A, or 

indeed to the Point D-, for the Line of Direftion 

I ■remaining the fame, its Force to move round the 

I Plane A D C B will be the fame, as if the Thred was 

fixed to the Point G, and the Way defcribed by it 

i in a given Time, according to its proper Direction, 

will be proportionable to the right Line C G, 

■Wherefore it is manifeft in every cale, that the Way 

de- 



An IntroduBion fe 

defcribed by any Force according to its proper t 
tion, is proportionable to the Diftance of the I ' 
Direction from the Fulcrum. 

THE OR. XI. 

I N a Lever, the moving Force or Power (hat has ti 
fVergbl the fame Ratio, which the Diftaice of tht' 
ef Dire£iion of the Weight from the Fulcrum., i 
the Difiance of^ the DireSlion of the Power from the 
Fulcrum, willfuftmn the Weight ; and therefore if it 
he ever fa little increafed, it will raifi the Weight. 
I T is manifeft from the preceding Theorem, thap 
the Spaces which are defcribed by a Power an4 
"Weight according or contrary to their proper Pro- 

Ejnfions, are proportionable to the Diftances of the 
ine of Directions from the Fulcrum; but the Ve- 
locities are proportionable to thefc Spaces, and con- 
iequently will be aifo proportionable to the Diltan- 
ces. Jf therefore the Power P is to the Weight Q. 




as C Qj^ the Diftance of the Diredion of the Wd 
from the Fulcrum to CA, the Diftance of thefl 
reiition of the Power from the Fulcrum, the Poi 
will be to the Weight, as the Velocity of the Weight 
to the Velocity of the Poweri the Momentum there- 
fore of the Power [by Cor. 3. Theor. 3.] will be equal 
to the Momentum of the Weight: and confequently, 

die 
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the Power will be equivalent to the Weight; which 
if it be ever fo little increafed, it will raife the Wei^t- 

Hence appears the Reafon, why by the Stalera 
Romana or Steel-yard, as it is commonly called, the 
Weights of different Bodies are examined al! by one 
and the fame Weight only. For this Inftrument is a 
Lever of unequal Brachia, one whereof, C A, is ex- 
tended in length, from the Axis of Motion C, (and 
which ought to be the Axis of Equilibrium) fuppofe 
[Cne Inch, oriels; the other Brachium, C B, may be 
of any greater length, that is capable of being cx- 
a^y divided into Farts, each equal to C A, and 
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numbered by the Figures i, 2, 3,4, 5, i^c. Let the 
Body whofe Weight Qwe want to difcover, be hanged 
on at A; the given or Known Weight P is moveable 
on the contrary Brachium, and by removing it from 
or bringing it nearer the Center C, is dilcovercd the 
diftance where is an exait Equilibrium: as, for exam- 
pie, if the Weight P at the Diftance 8 equiponderates 
die Weight Qjn A, it is thence concluded (by reafon 
■the Weights are reciprocally proportionable to their 
Diftances) that the Weight Q is eight times the known 
Weight P. 

Defin. Th ere is a mechanical Inflrument proper 
to raife Weights, called an Jxis in Peritrcchio. It is 
1 compofed 



I 




dies or Spokes, to which a Force being applied, turns 
about the Peritrocbium together with the Jxisi about 
which a Rope being wound, raifes the Weight. 

T H E O R. XII. 
\tt an Axis in Peritrochio {and in the like Tftjlruments, 
whofe Reafon is the fame) the moving Ferce^ that has 
to the Weight to be fuftained the fame Ratio, as the 
Circumference of the Axis to •which that Weight is ap- 
plied, has to the Circumference of the outer Orb to 
which the Power is applied, will be equivalent to tie 
Weight ; which therefore ieittg ever fo little increafti^ 
will raife the Weight. 

It is manifeft: from the Make of the Inflrumcnt, 
that in one Converfion the affixed Weight P will be 
raifed to an height that is equal in length to as much 
of the drawing Rope, as will once encompals the 
Axis; which therefore is fuppofed to be equal to its 
Circumference: and ta the mean while the Power 
applied 
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iplied to the Extremity of one of the Spokes, will 
lliave proceeded through the Circumference of the 
*uter Orb, defcribed by the Power in the fame Re- 
Tolution of the Inftrument; (that is, the Space paHed 
over by the Power in the fame Time, will be equal to 
i|he Circumference of the outer Orb,, fo that the Ve- 
locities of the Power and of the Weight, which are 
as the Spaces paffed over in the fame Time, will be 
as the Circiimterence of the outer Orb, and the Cir- 
cumference of the Axis. Wherefore if the Weight is 
to the Power, as the Circumference of the outer Orb 
is to the Circumference of the Axis, the Velocity of 
the Power will be reciprocally to the Velocity of the 
Weight, as the Power to the Weight, Therefore 
[byCorol.3. Theor.3.] the Momentum of the Power 
will be equal to the Momentum of the Weight; and 
confequently, the Power will be equivalent to the 
Weight, and that Weight will be fuftained by the 
jixis in Peritrochio: but if the Power be increaftd, or 
the Weight lelTened ever fo little, the Power will 
raife the Weight. ^ E. D. 

Cor. By how much the greater is the Compafs of 
the outer Orb, that is, by how much the longer the 
Handles or Spokes are, or by how much the Jefs the 
Axis is, by fo much the more powerful will be the 
Force to raife the Weight, 

Defin. An Inftrument compofed of one or more 
"Wheels aptly difpofed, moveable about their Axes, 
and about which Wheels a Rope being put, draws 
up the Weight, is called a Pulley. 

THEOR. XIII. 
I N e moveable Pulley, from the Pofition of the Wheth may 
be computed what the Force ought to he, which "will be 
'■equivatenl to an ejfixed IVeight', namely, that Force^ 
which is to the H^eight, as i to the Number of Ropes, by 
which the Weight is fufpendedj willbeabletofuftain that 
Weight: zvhich Force being therefore ever fo little in- 
treafed, will raife the fame fi-'eigbt. Fig, 
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Fig. I. L E T one of the Ends of a Rope be faftenet 

to a Hook B, and in its Duplicature let be himg 

moveable Pulley, to whofe Block lec be fixed th 

"Weight Q^ it is mamfeft, that in order to raife tb 

Fig. I. Fig. 3. 
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iTeight Qjine Foot, each Rope fuftaining the 
igether with the Weight, (reckoning downwards 
"Om the Hook) ought to be Ihorten'd alfo one Foot: 
lat is, to raife the Weight one Foot, the Power 
luft move through two Fett; whence in this laftru- 
lent, the Way of the Power will be double that of 
fie Weight i and therefore the Celerity of the Power 
ill be likewife double that of the Weight: fo that 
the Power is to the Weight as i to 2, its Momentum 
^11 be equivalent to the Momentum of the Weight, 
ad it will fuftain the Weight. 
Fig, 2. If the Wheels are fo difpofcd, that the 
STeight Q^ hangs from three Ropes; and that the 
eight may afcend one Foot, all the three Ropea 
e call them three, tlio* indeed they are but the 
lontinuation of one uninterrupted Rope) mull be 
jortened one Foot each, which can be done no 
Jierwife, than by the Power P being moved through 
Space of three Feet. Whence fince in this lii- 
rument the Way of the Power is triple that of the 
^^cight, its Celerity will be triple the Celerity of 
le Weight; fo that if the Power is to the Weight 
1 I to 3, its Momentum will be equivalent to the 
lomentum of the Weight, 

Fig. 3. By the fame way of rcafoning, from the 
;ird Figure it is manifeft, the Power i\ which is 
It the lourth of the Weight Q^ will be equivalent 
> it. In all Cafef, the Power that is equivalent to 
le Weight, if it be ever (o litde increafed, or the 
i'eight diminilhed, the Power will then raife the 
height. ^ E. D. 

* Dejin. A Right Cylinder indented equally in a he- 
Form, is called a ^-irf ID, whereof there are two 
Mak and Female. It is named a mnle Skrew, 
"hen the convex Surface of the Cylinder is cut in; 
id a female Skrew, when the concave, The firft 
■alfo called the outQde Skrew, as the other is called 

the 
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the infide one. But the female Skrew ought to be 
fo fitted to the male, that their Parts may anfwer to 
each other, (v/z. that the Eminences of the one do 
agree with the Cavities of the other) whereby, if the 




female Skrew is fixed, the male may be moved (^ 
through it; or if the male Skrew is fixed, the female 
may be freely moved over it. Skrews are chiefly 
employed to remove Obftacles, to break in pieces or 
to comprefs any thing, and to efFeft other Motions 
that are to be produced by Pulfion; the Power is 
applied to an Handle or Handfbike. 

THEH 




THE OR. XIV. 
N :he Skrew, if it he as the Ccmpafs, which ihe Force 
cr Power applied, pajfes over in one Revolution of the 
Skrew, to the Dijlance between two helical Threds 
that are contiguous, {reckoned according to the Length 
of the Shew) fo is the fFeight or Rejijiance to the 
Power; then the Power will be equivalent to the 
ff^eight, and that Power ever fo little increafed, will 
wove the Impediment. 

Let CA be a male Skrew, which being turned 
tound by means of the Hardle CB, may be pafTed 
through a female Skrew, and at the lame time raife 
a Weight P. It is manifeft by infpcding the Inftru- 
ment, that in one Revolution of the Skrew, the 
Weight wilJ be raifcd as much, as is the Diftance 
between two contigLious Threds; and that the 
Power will pafs over a Space equal to the Compafi ic 
dcfcribcs in one Revolution: that is, the Way of the 
Weight wili be to the Way of the Power gone 
through in the fame time, as the Diftance between 
two 'I'hreds to the Compafs defcribed by the Power 
in one Revolution, lb that the Celerity of the Weight 
will be to the Celerity of the Power in the fame Ra- 
tio: and therefore if it be, as the Power to the 
Weight, fo the faid Diftance between two near 
Threds to the Way defcribetl by the Power, then the 
Power will be equivalent to the Weight; which being 
ever fo little increafed, it wili overcome the Kefillance. 

Defin. A W E D G E made of Iron, or fome hard 
Subflance, is frequently in iifc. Its form is that of 
I Prilm of a fmail Hcighr, -whofe oppofite Bafes ar^ 
lofcelcs Triangles ; the Height of thefe Triangles is 
lie Height of the Wedge, the Bafe of the Triangle 
it alfo called the Thicknefs of the Wedge, and the 
K right 
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right Line which joins the Vertices of the TrianL 
is the Edge of the Wedge j and the Parallclogi 
that joins the Bafes of the Triangles, is called 
Back of the Wedge. 



THEOR. XV. 

A Power applied direSlly to the Back of a Wtdgt^ 

which is to the Rejijlance that is to be overcome by that 

fVedge, astbeThicknefsofhalflbeiVedgetoils Height, 

will be equivalent to the Reftfiance j and therefore if it 

be imreafed^ it will overcome that Rejijlame, 

Let the Refiftance to be overcome by a Wedge 

be, for example, the Tenacity or Toughnefs of 

Wood, or any other Obftack that is to be cleaved 

by a Wedge 1 it is manifcft, that when the Wedge 

is driven in as far as it appears in the Figure, the 




Way of the Power, or the Length run through ac- 
cording to its Propenfity is BA; for fo far, and no 
farther, is it gone. And after the fame manner, the 
Way of each Impediment is half CD, and when the 
Wedge is drove through its whole Height, the Ob- 
flacle is divided by the whole Breadth of the Wedge j 
add confcquenily each part of the Obftacte is moved 
half the Breadth of the Wedge; and proportion; 
in its whole Progrefs, as appears from the Nati 
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a Triangle, Whence, if the Power be to the Re- 
fjftance on each fide the Wedge, as half its Tliickneft 
to its Height, the Refiftances will counterbalance the 
Power; io that if the Power be increafcd, it will 
overcome the Refiftance, 

SCUOLIVM. 

H E N c E it appears, that the Force of the Power 
is not increafed by the means of mechanical Inftru- 
ments, which is impoffible to be done; but by the 
applicaiion of the Inflrument, the Velocity of the 
Weight that is either to be railed or drawn aiong, 
is diiTiinifhed in fuch a manner, that the Momentum 
of the Weight becomes ieis than the Momentum of 
the Power. So, for example, if any afting Force is 
able to raife a given Weight of one Pound with a 
given Velocity, it is impolTible, by the means of any 
Inftrument whatever, that the fame Force ihould be 
made to raife a Weight of two Pounds with the 
fame Velocity; yet it may, by the help of an Inftru- 
ment, be able to raife a Weight of two Pounds with 
haifthat Velocity; nay, the fame Power will raife a 
Weight of a thoufand, or even ten thoufand Pounds, 
with the thoufandth or ten thoufandth part of that 
Velocity; but the Force of the Power is not there- 
by increafed: the Motion only that it produces in 
raifing that great Weight, is equal to the Morion that 
is produced when a Weight of one Pound is raifed. 

From what has been faid, the Reafon is plain, 
why in Canals of different Capacities, which commu- 
nicate with one another, the Equiliiarium of Liquors 
is preierved. For let A B C D be a laige Canal com- 
municating at C with a fmaller oneMNKH; if 
Water be poured in, it will rife in both Can^ils to the 
iame height, and the Endeavour to defcend, or the 
Force that the Water in the Canal F H has to flow' 
■ihrough the Orifice C, is equal to the Force of the 
K 2 Water 
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Water in the Canal A 

M 
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L ^ Qm dcfcend through the fame C ^ 

^^^B, fice. For if we fuppofe, that 

^^^K~ the Water has defcended in 

^^^B • the Canal A C through the 

^^^^P Height A r, it is necefTary, 

^^^^B that the Water in the Cana) 

^^^^ F H do rife to the Height 

^^^ X ^_^— -.j^T' G HN, namely, to fuch a Height, 
that the Cylinder of Water 
M F G N be equal to the Cy- 
linder AILD, viz. the Cy- 
linder of Water, which dc- 
jj| fcerds in the Canal AC: but 
in equal Cylinders, the Bafes 
and Heights are reciprocal [by 
15 El. 12.] that is, it will be 
F M to A I, as the Orifice A D to the Orifice M N 
or F G i but it is F M to A I, as the Velocity of the 
Afcentof the Water in the Canal FN, to the Velo- 
city of the Dcfcent of the Water in.ihe Canal A Cj 
and the Orifice A D is to the Orifice M N, as the 
Water in A C lo the Water in the Canal F H, for 
Cylinders of the fame height are as their Bafcs. 
Whence the Velocity of the Water afcending in the 
Canal FH, will be to the Velocity of the Water de- 
i'cendingin theCanal AC, as the Water in the CanaJ 
ACtothe Water inFH; that is, the Velocities of 
ilie Waters are reciprocally proportionable to the 
Quantity of the Waters themfelves, and therefore the 
Momenta of the Waters will be equal: but they are 
contrary, whence there wiil follow no Motion. 

Hence, by the bye, appears the Reafon why 
Water, or indeed any Fluid, flowing out of a largev 
into a narrower Channel, is moved with a greater 
Celerity. 

Hence 
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Hence in an Animal Body, if the fmall Branches 
of the Arteries, or the Capillary Arteries, have the 
Sum of their Orifices, or rather of their tranfverfc 
Seflions, greater than the tranrverfe Sciftion of the 
great Artery or Aorta, from which they all arifei the 
Velocity of the Blood will be iefs in the Extremities 
of the Body, than in the Aorta: but if this Sum be 
equal to the tranfverfe Sedion of the Aorta, the Ve- 
locity of the Blood in the Extremities will be equal 
to the Velocity of the Blood in the AortJ; if the 
Sum is Iefs the Velocity of the Blood circulating 
through the extreme Arteries, will be greater than 
In the Aorta. 

LECTURE XI. 
Of the Laws of Nature. 

'^' E have hitherto given the Demonstrations 

of Theorems relating to the Quantity of 
Motion, to Spaces paiTL-d over by moving 
Bodies, as likewilc the Corollaries that 
might be deduced from them; now then 

'C fliall proceed to the Laws of Nature; namely, fuch 

,aws, as it is neceflary that all natural Bodies do obey. 

nd we Diall deliver thefe in the fame Order, and in 
!(he very fame Word?, as ihey are laid down by tiie 

"uftriousSir Ifaac Newton; the firfh whereof is this: 

L A W I. 

Eve R V Body will continue in its State of Reft, or of 
moving uniformly in a right Line^ except fofar as it ts 
tomfeUedto change that State i^y Forces imprejjed. 

K 3 5 1 N c B 
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Since natural Bodies confift ofaMafs of& 
ter, that of itfelf is not able to induce any Chi 
in its Statci if Bodies were once at Keft, it is 
ceffary that they fhould always remain in that 5 ^^ 
of Reft, linlefs there is applied a new Force to pro- 
duce Motion in ihem: but if they were in Motion, 
the fame Energy or Force wuu'd always prefervc the 
Motion; and therefore Bodies would always retain 
their Motion, and would always proceed forward iri 
the (ame right Line with tlie fume Tenour, fince 
they cannot of themfelves acquire eitiier Reft, or ^ 
Retardation, or a Change of their DircifVion to 
turn on one fide or the other. There are fome Phi- 
lofophers, who readily enough acknowledge that no 
Body can move of itfelf, that is, pafs from Reft: to 
Motion of irfelf; bu: then they are not as willing 
to grant, that Bodies once moved cannot of them- 
felves arrive at Reft, by reafon they lee the Motions 
of Projeftiles langiiifti by degrees, and at laft the mov- 
ing Bodies themfelves come to Reft. 

But as no Mode, or Accident, can of its own 
accord or by itfelf be deftroyed, and as.all EfFetfcs 
produced by tranfient Caufes do remain always, uht 
lefs there be feme new and extraneous Caufe that 
deftroysthem; fo hkewife Motion once commenced 
will be continued always, unlefs it is hindered by 
fome external Caufe : nor is it more in the power of 
a Body once moved, to lay afide its Motion or Encr- 
gy to move, and return of itfelf to Reft, than it can 
put oif the Figure that it has been once formed into, 
and acquire a' new one, without fome extrinfick 
Caufe. 

There is befides in al! Bodies a certain Force, 
or rather Inaftivity, whereby they oppofe every 
Change; whence it is, that they are very difficuJily 
put out of their Srate, whatever it is: but that 
Force is the lame in moving Bodies, as in thofc at 
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;, ntT do Bodies lefs refift the Aiftion, whereby 
are brought from Motion to Reft, than that 
whereby th^y pafs from Reft to Motion; that is, 
there is not required a kfs Force to put a flop to the 
Motion of any Body, than was before necelfary to 
imprefs that Motion on the fame Body. Whence, 
fince the Vis Inertia or Inactivity of Matter always 
j'cqiially refifts equal 'Changes, it wiil not be lefs 
;powerful to continue a Body in Motion, which has 
'begun to move, than to preferve a quiefcent Body in 
the fame State of Reft. 

Th ere are fome Philolbphers who fiippofe Body 
of its own nature to be as indifferent to Motion as 
10 Reft i but by this Indifference they do nor, I be- 
Jieve, mean fuch a Difpofition in Bodies, whereby 
they do not in the Jeaft refifl: Reft or Motion: for on 
this Suppofition It would follow, that any Body, 
however great, and moved with the fwiftelt Veloci- 
ty, might be ftopped by any the fmalleft Forccj or 
if the great Body was at reft, it might be moved by 
any Body, however fniall, without the leaft Lofs of 
Velocity in the impelling Body : that is, any fmall 
Body impinging on a greater one, would carry that 
greater Body along widi it, without the leaft Lofs 
of its Motion-, and each Body after the Impulfe 
would be joindy carried along with that Celerity, 
thatthe fmall Body had at firll, which, weall know, 
is abfiird. This Indifference therefore is not placed 
in a Non-reliftance to Motion from a State of Reft, 
or to Reft from a State of Morion; but in this only, 
that a Body of its own nature is not more propenfe 
to Motion than to Reft, nor more refifts to pafs from 
a State of Reft to Motion, than to return again from 
that Motion to the fame State of Reft: befides, any 
<juiefcent Body may be moved by any Force, and an 
equal Force adtiiig in a contrary Direftion, will be 
K 4 able 
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able to deftroy that Motion ; and in this, i 
have thi'! Indifference placed. 

Since, according to this Law of Nature, aBody 
once in Motion always continues in that Motion, the 
Philofophcrs afk why all Projeftiles lofe by degrees 
their Motion? (which Motion they are pleafld to 
cai] violent.) Why do ihcy not proceed in infinitum? 
If Motion did not of its own nature decay, a Stone 
thrown at tJic beginning of the World would by this 
time have gone through an immenfe and almoin infi- 
nite Space. And lb indeed it would, if its Motion 
had been in vacuo OT in free Spices, and without, any 
Gravity. But fince all Projettiles are carried either 
through the Air, or on the rough Surfaces ol other 
Bodies, they muft be neceflariiy retarded: for firce 
all Bodies in motion mlift drive and thrufl out of its 
place the refifting Air, or overcome tiie Roughnefc 
of the Superficies upon which they are moved ; they 
■will lofe all that Force and Motion, that is conrtantly 
employed in overcoming tiKfe Obllacle?, and confe- 
quently the Motion of Proiuc"liles will be continually 
diminifhed: but if tiiere was no Refiftance in the 
Medium, no Roughncfs in the Superficies on which 
they were moved, no Gravity that continually forces 
the Bodies towards the Earth, Motion would always 
continue the fame, without any Retardation at all. 
So in the Heavens, where the Medium is exceedingly 
rare, the Planets do continue in their Motions for a 
very long timej and upon Ice, or any other very 
fmooth Surface without any Roughncfs, heavy Bodies 
in motion are not foon brought to reft. 

Let the Philofbphers at length leave off inquiring 
into the Caufe of the Continuation of Motion i for 
there is no other bcfides that firft Caufe, which does 
, jiot only prefcrve Motion, but every thing elfe in its 
£eing, namely, the All-wife and Great God. Nor 
19 potion continued any o{hcr way, than that where- 
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ty is preferved the Figure, the Colour, and any 
jother the like AfFeftions of B.ody, which always re- 
piain the fame, uniefs they aire altered by any exter- 
nal Force, 

These Philprophcrs would have done much bet- 
ter, and more fuitableto the Ruies of good Method, 
if they had inquired out the Rcafons ot the Decay or 
Loft of Motion: but there are fume fo bUnd in thjs 
Affair, that they fuppofe that very thing to be the 
Caufe of the Continuation of Motion, from which in- 
deed proceeds its Decay, 

Let the Philufophers alfo leave offdifputing con- 
cerning the Communication of Motion ; for from 
what has been faid, may be underltood why a Scope 
goes with fo great an Impetus out of the Hand of otic 
that throws it ■, namely, when the Stone is held in the 
Hand, it is neceJTary that it partakes of the Motion 
ofthatHand [by Axiom 8.] Ibthaticwill be carried 
in the fame Direiflion with the Hand: but every na- 
tural Body once moved, continues in the fame Mo- 
tion [by the above-mentioned law] until it is hin- 
dered by fome external Agent, whence when thcPer- 
fon that' ealb the Stone draws back his Hand, butnot 
drawing back the Stone, it will proceed right forwards. 
After the lame manner, if a Ship or Boat is fwifiiy 
driven by the Winds or Oars, thofe that fit in her, have 
the fame fwift Motion communicated to them ; but if 
the Ship ftop of a fudden, every thing that is placed 
in tliat Ship endeavours to continue its Motion, and 
fuch things as are not firmly fixed to the Ship, do after 
the Ship IS at relf, leaving their places, ftill move on ; 
and hence there is a danger, left Men relatively at reft 
in a Ship, after fo fudden and as it were violent Change 
of its State, are not thrown along i namely, fi nee the 
Motion which they before received from the Ship, 
jiot yet dcftroyed. 

If 
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Ira Stone is fwifdy whirled about in a Sling, it 
dedribes a Circle .with the fame Velocity as the bot- 
tom of the Sling has, wherein t'le Scone is placed: 
bui :iiice i;Tery Body afll'cti to proceed in a right 
Line, tilt Stone in every Point of its Oib would go 
out in a fight Line, touching that Oib in the Point 
wherein it is plarcd, if it was not hindei.-d hy the 
firing: fo that if the String be Itc gi>, biokc, or 
any other ways defids from dttaiiiing tiie Stone, the 
^lojie woi 1 i no longer move ic a Circle, but in a 
j-iglu Lini-, cxcjuduij^ tl:e Mution ai-ifmg from its 
Gravity. 

That Endeavour, which the Stone thus whirled 
about has in any Point of its Ob, of iimning out 
in the Tangent, ftrctches a String by which it I's 
detained in that Oib; and thai Force, whereby ihe 
String is ftrctched, arifes from the centrilugal Forces 
whereby, namely, it endeavours to recede from the. 
periphery. This Tenfion any one may eafily expe- 
rience in a Sling; and it is found by Obfervation, 
that the fwifcer the Stone is whirled about, or the 
greater the Weight is that is put into the Sling, the 
greater will be the Tcnfion of the String, or it will 
be ftretched the more. 

For this reafon, fome Philofophers will have this 
centrifugal Force to proceed from Gravity alone, but 
neither Reafon nor Experience favours this Opinion; 
for in a Sling, the String is not only ftretched when 
the Stone moves through the loweft part of its Orb, 
but likewife when it defcribes the upper part: 
which cannot arife from Gravity, fince Gravity in 
the upper part ot its Orb can only draw the Stone 
towards the Center, which is diredlly contrary to the 
centrifugal Force, that compels it to recede from 
-'(he Center. BeOdes, if .he Stone is whirled about 
in a Circle parallel to the Plane of the Horizon, the 
Siring is then alfo ftretched ; but Gravity can no 
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ways produce that Tcnfion, fince the Stone is neither 
carried upwards or downwards, whofe Motion can 
therefore be neither increaled or diminiflied by this 
Gravity: the centrifiigil Force confcquencly does not 
arife from Gravity, but only from that Endeavour, 
which all Bodies have of proceeding in ?he famp 
right Line, 

If we fiippofe the Earth to revolve about its 
Axis, all of us who live upon its Surface mud re- 
volve together with it; fo that if its Motion Ihould 
fuddcnly ceafe, all things not firmly fixed to it, 
would be thrown from it with a violent Motion. So 
iikewile if it is carried with an annual Motion about 
the Sun, and that Revolution fhould be fuddcnly 
flopped, all things would be thrown from it, and, 
like Planets, would revolve about the Sun, by the 
fame Caufe, as (he Earth iifelf was moved before 
about the Sun. 

Since the Earth turns about its Axis, and all 
things on it defcribe Circles parallel to the Plane of 
the Equator, the Philofophers demand how it comes 
to pafs, that all Bodies are not thrown off from its 
Surface, when by the Law of Nature all Bodies 
affeft a Motion in a right Line? So indeed they 
rwould be thrown off, if they were not detained on 
the Earth by another Force, which is Gravity, and 
which is much more potent than the centrifugal Force. 

If a Vcffel full of Water is placed on any horizon- 
tal Plane, and fjddenly pulhed forward by any great 
Force, the Water in the Veflel will at the beginning 
be feen to tend towards the Parts that are contrary 
to the Motion of the VefTei ; not that in reality fuch 
a Motion is imprcfled on the Water, but fince it en- 
deavours to continue in the fame State of Reft, the , 
Veflel cannot immediately communicate its Motion 
to the Water contained in it; and therefore the' Wa- 
ter defcrted by the Veffel, and truly at reft, will 
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feem to change its relative place. But at Ici 
after the Motion of the Veflet is communicated i 
the Water, and that together with the VclTel beg 
to move uniformly and with the fame Celerity,! 
then the VEficI be fuddenly Hopped, yet the Watq 
will endeavour to continue in the fame Motion, and 
rifing lip the Sides of the Veflel, part of it wjiJ even 
run over. 

If a Ship is tofied by a Storm and a troubled Sea, 
the Men that are fitting in her, and relatively at re(V, 
■will be feized with Pains, Sicknefs, a Naiifca and 
Vomiting, efpecially if they have not been ufed to 
the Sea; fince the Liquors contained in their Sto- 
machs, Inteftines, Blood- Veffels and other Dii£ts, do 
not immediately obferve the Toflings of the Ship, 
whence the Motion of the Fluids in tnc human Body 
is difturbed, and Difeafes do arife. 
LAW 11. 
Th e Change of Motion is ah>oys proportionable to the 

moving Force imprejfed, and is always made according 

to the right Line, in which that Force is imprejfed. 

This follows from the fourth Axiom; for if any 
Force generates a certain Motion, a double Force 
will generate a double Motion, and a triple one a 
triple Motion: and this Motion, becaufe it is deter- 
mined always into the fame Direction v, ith the moving 
Force, (for it folely arifes from it) it will be always 
made according to the fame Dircdion [by the firft 
Law,] nor can the Budy decline according to any 
other Diredion, unlefs fome new Force oppolei the 
former; fo that it the Body was moving before, the 
Motion produced from the impreflld Force will 
either be added to the confpiring Motion, or fub- 
dudled from the oppofing Modon, or obliquely joined 
tfe- the oblique Motion, and will be compoui 
with it according to the Determination of both. 




^Q£k. II. /Natural Philofophy. 

I F any Force produces a Motion in a given Body, 
by the firft LawJ that Body will always continue in 
ts Motion; but if afterwards the fame or an equal 
i'orce again afts on that fame Body according to tlie 
ime DireiSion, the Motion thence arifing will be 
Equal to the former, and therefore the Sum of the 
Cottons will be double that former; if the fame 
Force a third time afls in like manner on the fame 
Body, the Motion hence occafioned will be alfo equal 
to the firft, and therefore the Sum of the Motions 
will be triple the Morion firft impreired; and if the 
feme Force Ihoiild aft again on the fame Body as 
before, the Sum of all the Motions will be quadru- 
ple the Motion firft imprclTed, and foon continually. 

He NO E if this new Force fliodd aO: continually 
and equally, in equal Intervals of Times, the Motion 
thence arifing would be as the Sum otthe Times in 
which it was generated; fo that, fince by reafon the 
Body is given, the Motion is as the Velocity, the 
Velocities fo generated will be as the Times from 
the beginning of the Motion, and the Motion will 
be equally accelerated. Hence the following Theo- 
rems may be eafily demonftrated. 

THEOR. XVr. 

If Bodies at all Difianctifromthe Earth gravitate equally t 
the Motion of Bodies fallinghy theirCraviiy in the fame 
right Line, will be an equably accelerated Motion. 

Let the Time in which the Body is falling, be 
fuppofed to be divided into equal and very fmall 
Particles, and let the Gravity afting in the firft Par- 
ticle of Time draw the Body towards the Center; 
if now after that firft Time the Aftion of Gravity 
fliould ceak", and the Body be no longer heavy, ne-_ 
verihelefs the Motion received from the firft Impulfe 
woald be always continued, and the Body would 

equally 
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equally defcend to the Earth, [by the firfb '. 
but fince the Body is conftantly heavy, and Gn 
afts without intermiffion, alio in the fecond Pai 
of Time the fame Gravitation will communicatj 
it another Impulfe equal to the former, and t 
locity of the Body after thcfc two Impuifes ^ 
double the former Velocity ; and if the Force of ( 
vity was quite removed, yet the Body would < 
tinue to move in the fame right line with the i 
Velocity: but fince in the third Particle of Time' 
the Body is a£ted upon by the fame Gravity, it wjU 
alfo after that third Time acquire another Motion 
equal to each of the former; fo likewife in the 
fourth Particle of Time, the Gravitation will add to 
the heavy Body a fourth Impetus equal to each of the 
former: and fo of the reft. The Impetus therefore 
or Motions of a given Body acquired by its Gravity, 
are as the Particles of the Time elapfed from the be- 
ginning: fo that fince the Aftion of Gravitation is 
continual, if thofe Particles are taken infinitely finall, 
the Motion of the falling Body acquired by its Gra- 
vity, will be as the Time ehpfed from the beginning 
of the Fall; and fince the Body is given, its Motion 
will be as its Velocity, therefore the Velocity will be 
always as the Time in which it was acquired. In- 
fomuch that in equal Intervals of Times, a falling 
Body will receive an equal Increafe in its Velocity, 
and confequently its Modon will be uniformly acce- 
lerated. ^ E. D. 

!« like manner, from the fitme Principles may be 
demonftrated, that the Motion of Bodies thrown 
upwards is equably retarded; fince the Force of 
Gravity, afting conftantly and equally ag.iinft the 
Motion commenced, in equal Times will equally di- 
minifli its Motion, even till all the Motion upwards 
' ■^is quite deftroyed. 
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Cor. . Le t the right Line A B reprefent the T 
in which a Body is falHng, andBC making 
AB a right Angle, reprefent 
Ihe Velocity acquired aC the 

md of the Falli join A C» 

nd through any Point D let 

e drawn D E parallel to BC: 

lis will be as the Velocity 
acquired at the end of the 
Time A D. For (by reafon 
ufthe fimilar Triangles ABC, 
ADE) AB is to ADa-sBC 
to DE; but B C reprelints 
the Velocity acquired in the 
Time A B, whence (fince the 
Velocities are as the Times) D E will reprefent the 
Velocity acquired at the end of the Time AD: in 
like nunner, FG will reprefent the Velocity in the 
Point of Time F, and in every Point of Time the 
Velocities will be as the right Lines drawn within the 
Triangle through it, and parallel to the Bafe B C. 

T H E O R. XVII. 

F a benvy Body defcends from Reft with a Motion uni- 
formly aecehraled, the Space, thai from the beginning 
of its Motion is run over by the Body in a given Time, 
will be half the Space that may be uniformly run over 
in that Time, with a Velocity equal to that which the 
hecn/y falling Bod^ will have acquired at the end of 
that Time. 

Let AB be the Time in which the heavy Body 
, a falling, and let BC be the Velocity acquired at 
ihe end of the Fall; compleat the Triangle ABC, 
and Rci51:.ingle ABCD; moreover, let the Time AB 
be diftinguithed into iiinumerable Particles, e i, i m^_^ 
mp, &c. draw ef i k, mn, p^, &c. parallel to the 
2 Bafe J 
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Bafe-, [by the preceding Corol.] f/ will be as tlw 
Velocity of the heavy Body in the infinitely frrali 
Particle of Time e i; and ik 
U will be its Velocity in the 
Particle of Time i m j alfo 
m a will be its Velocity at 
the Point of Time mp •, and 
iopq will be the Velocity 
in the Particle of Time po: 
but [by Cor. Theor. 7.] the 
Space pafled over in any 
Time, and with any Velo- 
city, is a Rcdangle un- 
der that Time and Vdo- 
" ^ city : whence the Space 

pafled over in the Time ei with the Velocity e/, will 
be as the Rectangle //; fo the Space pafled over in 
the Time i m with the Velocity ( k, will be as the 
Redangle m i j fo likewife the Space pafl"ed over in 
the Time w/i with the Celerity m«» will be as the 
Redangle pn: and fo of the refl:. Wherefore the 
Space pafled over in ail thefe Times, will be as all 
thefe Reftanglcs, or as the Sum of all thefe Reftan- 
glesj but fince the Particles of Time are infinitely 
fmall, the Sum of all the Redangles will be equal to 
the Triangle ABC: but [by the Corol. of Theor. 7.] 
the Space paffed over by a moving Body in the Time 
A B with an uniform Ceieriiy BC, is as die Rccian- 
gle ABCD. Whence the Space pafled over In a 
given Time by a heavy Body falling from Reft, will 
be to the Space paffed over in the fame Time with 
an uniform Velocity, equal to that which is acquired 
by the heavy Body at the end of its Fall, as the Tri- 
angle ABC to the Reflangle ABCDj but the 
. ^nangle ABC is half tlie Rectangle ABCD, 
whence the Space that is paflfcd over in a given Time 
by a falling Body from the beginning of its Fall, will 
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be half that Space which it would have pafTed over in 
the lame time, with an uniform Velocity eq'jal to that 
which it has a(;qijired at the end of its fall. ^ £. D. 

Cor. 1 . T H E 'space which is paffed over with the 
Velocity CBin a Time equal to half A B, will bo 
equal to the Space palFcd over by a falling heavy Bod/ 
in the Time A B. 

(lor. 1. From the Demon- 
ftraiion itfelf it follows, that as 
the Space paficd over in the 
Time AB may be reprelented 
by the Triangle ABC, fo the 
Space dcfi:nbi;d by the heavy 
Body in the Time A F may be - 
reprefcnted by the Triangle 
AFG: .alfo the Space gone jil- 
through in die Time A D, may 
be expoundtd by the Triangle 
ADE. 

Cw, 3. The Spaces pafTed over, reckoning from 
the beginning of the Fall, are in a duplicate Ratio of 
the Time--. : for the Space palfed over in the Time 
A B, is to the Space palfcd ovlt in the Time A F, as 
the Triangle ABCto the Triangle AFG-, but (by 
reafon of the fimilar Trianglc-s ACC, AFG; the 
Triangle A B C is to the Triangle A F G in a dupli- 
cate Ratio of the Side A B 10 the Side A F : fo that 
the Space pafTed over in the Time A li will be to the 
Space palTed over in the Time A F in .1 duplicate Ra- 
tio of the Time A B to the Time A F. The Spaces 
therefore pafT^d over by a heavy Budy from tiie b/:- 
ginning of its Fall, are as the Squares of the Times in 
which they are run through. 

Cor..].. Hence if a heavy Body fallinj; from 
' State of Refl:, paiTts over a certain Space in a g^vci 
Time, the Space palTcd over in a double I'inie wil 
be quadruple the former Space; and the Space mnl 
L over' 
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over in a triple Time will be nine times greater tfiaii 
the Space firft run over, (^c. that is, if the Times are 
taken as i, 2, 3, 4, 5, 6?t% the Spaces defcribed in 
ihde Times reckoning from the beginning of Mo- 
tion, will be as i, 4. 9, 16, 25, ^c. 

Cor. 5. S r N c E the Space paiTed over in the firft 
Time is as 1, in the fecond as 4, computing from 
the beginning, the Space defcribed fcparately in the 
fecond Time will be as 3. After the fame manner, 
lince the Space defcribed at ilie end of the third. 
Time is as 9, and at the end of the fecond as 4, the 
Space defcribed feparately in the third Time will be 
as 5; and fo of the reft: taking therefore equal 
Parts nf the Times, the Spaces dei'cribed feparately 
in every one of thofe Times by a heavy Body falling 
from a Scare of Reft, will be as i, 3, 5, 7, 9, 1 1, &ff. 
namely, as the odd Numbers. 

Cor. 6. Hence alfo, fince the Velocities acquired 
by a falling Body are as the Times, the Spaces paffcd 
over will be likewifc as the Squares of the Veloci- 
ties: and the Velocities, as wd! as the Times, will 
be in a fubdupJicate Ratio of the Spaces through which 
the heavy Body falls, computing from the beginning 
of the Motion. 
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LECTURE Xir. 

LAW III. 
jiE-ACTiON (J aluidys equal, and coiUrary to A£!io»i 
cr the ASlions of two Bodies upon each other are al- 
ways equals and in contrary Dire^ions. That is, hf 
AStion and ReaSfion equal Changes of Motion are pro- ' 
duceiin Bodies aHing upon each other, and theft 
Changes are impreffed towards contrary Paris. 

,HI S Law will be better illuftratecl by Ex^ 
amples. 

I. If one Body impinges on anothei* I 
Bodyatreilr, wJiatever iVlotion isinipref- \ 
fed on the Body at reft, juft the fame \ 
Quantity of Motion is 
fubftraftcd from the im- 
pinging Body. For ex- 
ample, if the Body A, 
whofe Motion is twelve 
Parts, is carried towards 
the Body B, and if after the Impulfe, it fhall have . 
communicated to B five Parts of its Motion, then 
will there remain to A but feven Pans of Motion, fo 
that the Changes which happen to both Bodies will be 
equal ; and the Effeifl will be exaflly the fame, as if 
a Force equivalent to five Parts of Motion fliouid 
pufli the Body B towards C, and another Force equal 
to the former fhoiild aft on the Body A, and ftiould. 
prefs it the contrary way towards D. 

2. If the Body B fliould not be at reft, but tend'J 
towards C, and the Body A moving fifler, fliocIJ; 
itnpinge on it; the Body A would lofe jiiit the faii^ 
L 2 Quan-i 
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Qyanrity of Motion as the Body B would gain, 
the- Changes of Motion produced by che Impulfe 
both the Bodies, (that is, the Incrcafc of Motion 
one, and the Dccreafe in. the other) will be equal. 

3. 1 F the Bodies A and B meet each other, A be- 
ing carried towards C with twci7e Parts of Motion, 
but B towards D with three Pans of Motion ; what- 
ever Change of Motion happens to the Body B, the 
very fame will befal! the Body A : for example, if 
after the Concourfe B is carried towards Cwith two 
Parrs of Motion, ihe Change of Motion that is made 
in it will be five Parts; namely, equal to the Sum 'of 
two Motions, viz. of that whereby it was before car- 
ried, towards D, and which was delboyed by the Im.-. 
pulfe of the Body A, and of that which ic then re- 
ceived, and wherewith, it tends towards C; and the 
Motion Io(l in the Body A, will be exiclly equal to 
thcfe five Parts of Motion : fo that [as in the firlt Ex- 
ample) the Efftd will follow exaftly the fame, as it 
would be, if a Force with five Parts of Motion fhould 
pulh B towards C^ a^(^€^othe^ Force equal to the for- 
nitr Ihbuld be in}prdrtd on the Body A, and preJs it 
towards the Parts D. 

And iiniverfally, the Magnitude of a Stroke 
which arifcs from the Concourfe of two Bodies, is al- 
ways equally receiv'd by both tht: Bodies; whence the 
Changes of Motion produced by the Strouc in both 
the Bixlii'S, will be always equal. 

So if an Iron Hammer ftnkcs ngainft a Glafs, the" 
Blow is received equally by the Hammer as by the 
Glafs and the Giala is brol'ic, when at the fame time 
the Hammer remains whole, not (iccaufe the Force 
of Percu.Tion iu-preffcd on the GLfs is greater than 
that is which is rtccivcd by the Hamrr,er, but bccaufc 
.the Parts of the Iron teirg lundir, snd cohering 
more firmly royetivr, do n^ore llrorri'y refill liie 
fime Force of Ptrajflior, than il:c bwtc'e and left 
• coiicrir^ 
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cohering Parts of the Glafs can do, Juft after ihe 
fame manner, if a Body is fafteiiM to a Wall by a 
fine Thred, a fma!! force wili be fufficienc to puli it 
from thence; but if the fame Body is faftcn'd by a 
ftrong Rope, the former Force equally applied, will 
iiirle avail to draw ic away. 

4. If a Horfe draws forwards a Srone tied to a 
Rope, the Horfe iilfo will be equally drawn back- 
■wanis towards the fame Stor.e ; for the Rope ftrecchej 
both ways, by the fame Endeavour of relaxing it- 
felf, will equally ftrain the Stone towards the Horfe, 
and the Horfe towards the Stone: whence the Foicts 
of Attraction, as well in the Horfe as in the Stone, 
V'll be equal i but fince the Firmncfs and Force of 
the Horfe ftand.ing upon the Ground is fo great, that 
he is able to rcfilt the drawing of the Rope, hs will 
pot in the leaft yield to the drawing Rope, nor by its 
Force be removed out of his place; but the Stone, 
wherein there is not fo great a refilling Force, will be 
moved towards the Horfe. 

5, We find by Experience, that in magncticic 
Attra^ions the Loadflane does not only draw the 
Iron, but is in like manner equally drawn by ihe 
Iron : For let a Loadftone be placed on a piece of 
Cork B, and likewife the lion A on another piece 
of Cork, and let them both fwim in Water; then 
]ct the Loadftone be 

held by any one's 
Hand, and we fhall (ee 
the Iron advance to the 
Loadftone: and if the 
Iron is kept immove- 
able, we (ha!! lind the 
Loadftone will come to 

it: but if both the Bo- 

^cs arc iifrniitccd to fljat irctiy 

Jhall behold both the Loai'lone and the Iron mutually 
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meet each other, and the Force of AtEraftion 
equally upon them both, producing equal P 
in each: I lay, the Motions will be equal, but rot 
the Celerities, unlcls the Iron and the Loadftone 
weighed alike; for if they are of different Weights, 
that which weighs the mod, wiil have the leaft Cele- 
rity. For example, if the Loadftone is ten times 
heavier than the Iron, the Iron reciprocally will have 
ten times a greater Velocity j namely, that there may 
be generated eqiu! Quantities of Motion in each Body: 
fo that the Loadftone and the Iron will not meet in 
the middle Point E, but in the Point D, which will 
fo divide the Dittance B A, as B D wih be to D A as 
the Weight A to the Weight B. So in the prefent 
Example, if BD is the eleventh part of the whole 
■Diftance, the Point D will be where the Loadftone and 
the Iron will meet each other: for fince B D is the 
eleventh part of the Diftance BA, BD will be to 
DA as 1 to 10; but as i to 10, fo {by what wai 
faid before) will be the Velocity of the Body B to the 
Velocity of the Body A. Wh^ircfore fince the Spaces 
pnlTt-d over in a given Time are proporcionabic to the 
Velocities, during the time the Body A is running 
over the Space A D, the Body B carried with the tenth 
pare cf the othei's Velocity will have palTcd over a 
Space equal to tlie tenth part of the Space run over 
by the Body A: fo that at ilie end of that Time it 
■will be found in D, in which Point therefore the Load- 
ftone and Iron wiil meet each other. After the fame 
manner, twoLoadftones being placed on two Pieces 
of Cork, it their corrtfponding Poles be let towards 
each other, they will mutually attract each other e- 
qually ; but if their adverfu Poles be placed near one 
another, thefe Poles will mutually fly from each other, 
*Smd tiie Qjantities of Motion produced by the 
Force wherewith they avoid each other, will be equal 
bodi, 

6. Thx 
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6. The fame tiling may be ihewn in other 
kinds of Attraftions. For let A and B be tvc 
Barges upon the Water, and let a Man placed in 
one of them, as, for example, in A, draw by the 
Ipeans of a Rope the other Barge B towards 




4unifelf; by this Aflion of the Man, not only the 
Barge B will approach towards A, but A alfo will 
be equally drawn towards Bj and the Quantities of 
the Motions produced by the Attraction, wilJ be 
equal in each Barge: whence if the Barges are of 
the fame Weight, they will have, Cteterts paribus^ equal 
Velocities, and they will meet at the middle Point F. 
But if one is greater than the other, that is, has n 
itfelf a greater Quantity of Matter, or a greater 
Weight, then that which is the biggefl: will h:tve 
the leaft Velocity. For example, if the Barge B is 
ten dmes greater than the Barge A, the Velocity of 
A will exceed the Velocity of the Barge B ten times, 
and the Barges will meet in the Point G, which fo 
divides their firft Diftance A D, that A G is ten 
times greater than GD; that is, GD will be the 
eleventh part of the whole Diftance AD: but if B 
fliould be a Ship a thoufand or ten thoiifand times 
bigger than A, its Velocity would be a thoufand or 
ten thouland times lefs than tlie Velocity of A, and^ 
confeqiiently it would be Icarcely difccrnible. Now 
if B fliould be another Body inlimtdy great, its Ve- 
L 4 locii/ 
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locity would be infinitely fmall, that is, juft notl . 
in refped: of the Velocity of A. Hence if the Rot,. 
ihould be faftened CO the Shore, and the Man in the 
Barge Ihould draw by the Rope the Shore towards 
himfelf, the Barge would approacii towards the 
Shore, and the Shore towards the Barge: but fince 
the Shore firmly adheres to the whok- Body of the 
Earth; its Magnitude, which is therefore equal to 
the Magnitude of the whole Earth, in refpeft to the 
Barge, will be very immenfe and almofl: infinite, fo 
that its V'tiocity will be nearly infinitely fuiall, and 
(as I may fo lay) nothing at all: and confeqocndy 
the Shore may be lookM upon as fix'd and impolTible 
to be mov'd, ^^nd the whole Velocity as altogether 
appertaining ro the Barge. If the Weight of the 
Barge B is a thoufand Talents, and is carried to- 
wards E with an hurjdicd D^'grces of Motion, the 
Momentum of that Barge will be Lby Theor. 3,] an 
hundred thoufrtiid parts. Now if to the Barge B is 
failened the Boat A, whofc Weigli: is ten TalcQts» 
whatever Motion by this means is communicaM ' 
the Boat A, the very fame Qiianiity of Motion 
be taken from the Barge B, io that, 

7. I F any one In the Boat A draws the 
A E, by which the Boat is fafttrned to the Barge B, 
in fuch 3. manner that the Boat moves forward with 
five hundred parts of Velocity, the Motion thence 
arifing will be five thoiiland parts; and fo much of 
its Motion tlic Barge B will lofe, and confequendy 
tiicre will remain to it ninety-five thoufand Paits of 
Motion, whence the Velocity of the Barge B will bo 
ninety-five Parts, 

8. If any one fitting in the Boat A, (hould by a 
S;)reat, or the like Inflrument, pufh or thriift the 
^.irgc B towards the Parts E, by that pulhing the 
Boat A would r.ci.-de towards the cor;trary Parts; fo 
that t!ie C^jantity of Motion in both the Vcffcls, 
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arifing from the Force of the Man's pufhing, would 
be equal: whence if ihe Barge B is ten times greater 
than the Boat A, it will have ten times a lefs Velo- 
icity-, if it is an hundred times bigger, it will like- 
wife have the hundredth part of the Velocity of the 
Boat A: fo that if the Body B is an immenfe Body, 
the Velocity of the Boat A will be immenle in refpeft 
•of that which ought to be found in B. Whence if 
.any one fitting in a Ship, fhoaldby means of a Pole, 
■endeavour to ihruft the Earth or the Shore from him, 
the Ship by his thn.ifting would recede from the 
Shore i for the Shore, in refpcdt of the Ship may be 
looked upon as an immenfe and fixed Body, whole 
Velocity therefore will be exceeding fmall, or indeed 
pone at all, in refped: to that which is found in the 
Ship. 

If the Boat EDG is rowed by Oars, fince the 
Water is by the broad Ends of the Oars A, B, 
driven back- 
■wards towards «> 

the Parts C, llfefe^ _— -^ 

that will again w^^^ f. " cv-T ^^^^S^ r f* 

equally re-aft ^" "1 ^I^S^!^^^^^--^'^'^ 

upon the Oars, **^S^aV^ ^^^'" 

and force them, ^"""""^vviV 

together with A**^' ^B 

the Boat to 

which they are fixed, towards the Parts H : for 
which reaibn alone it is, that the Boat is moved for- 
wards; for if there was no Re-aflion, and the Wa- 
ter impreffed no Motion on the Oars towards the 
Parts H, when it was thruft by the Oars the con- 
trary way, the Boat would fiiand ftill, fince there 
would be nothing that could force it towards the 
Parts H, But fince the Water by its Re-adion im- 

Krefies as great a Motion on the Boat E D, as it tc- 
;ives ilfelf from the Oars, it iience follows, the 
greater 
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H greater the broad Ends of the Oars are, or the i 

I tbey aie in number, £a tens paribus ■, or die the finl 

■ they are m<jvcd witliin the Water, the Boat willl 

I earned with a greater impeitis. 

fc^^ Hence fince iwimaiing is nothing elfe than a 
^^^^1 lowing widi tlie Hands and Feet, ;t may be caGIy 
^^^^B 41iulerllood, why by fwtminiiig within the Water we 
^^^^ are moved forwards ^ nar/.ely, fince the Water is 
impelled backwards by tnt i^ alms of our Hands and 
the Soles of our Feer, that by its rc-ading forces thofe 
that Iwim towards the contrary pares ; fo that the 
Motion generated in the Water, is equal to the Mo- 
tion wherewith ihe Swimmers proceed lorwards. It 
is jiift the fame thing in the flying of Birds'; for as 
the Birds by their Wings bear the Air downwards, 
the Air by its Re-aftion raifes liicni upwards; and 
if ihey drive the Air towards the Ealt, for example 
the Re-aftion of the Air obagcs them to tend to- 
wards the V/eft, So Gunpowder within a Cannon 
being fired raiclies, and by ics Force aAs equally 
upon the Bullet and the Cannon out of which that 
Bullet is to be hurled j for the rarefied Air endea- 
vouring to expand itfelt every way, will equally prefs 
the Cannon backwards, as the Bullet forwards, whence 
its elaftick Foice will produce equal Quantities of 
Motion in both ; and by dividing ihcic Quantities 
of Motion, as well by the Weight of the Kngine as 
by the Weight of the Bullet, the Velocities thence 
arifing will be reciprucaily propordonable to the 
Weights. 

S I N c E all Bodies near the Superficies of the Earth 
gravitate towards the Earth, in like manner the 
Earth will gravitate towards each Body, and is at- 
tracted towards them; and the Motions generated 
^ by this Atiradion will be equal, as well in the Eaith, 
as in the heavy Bodies falling to the Earth : lb if a 
Stone by the Force of its Gravity falls downwards 
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the Earth, the Earth in like manner will rife to- 
"wards the Stone; but fince the Quantity of Matter 
in the Earth exceeds immenfely the Qiianticy of Mat- 
ter in the Stone, the Velocity of the Stone will ex- 
ceed immenfely the Velocity wherewith the Earth 
tends towards the Stone, fo chat (Co fpeak phylical- 
Jy) the Velocity of the Earth will be nothing; 
which will thus appear upon a Calculation. Let us 
fuppofe a Stone of an hundred foHd Feet in magni- 
tude to fal! to tlie Earth : the Space run over by the 
Stone in a Minute's time will be about fifteen Feet; 
but Caccording to their Accounts who have written 
concerning the Bigneis of the Earth) the whole terra- 
queous Globe contains 30000000000000000000000 
fclid Feet. Let us now fuppofe the Earth to be 
every where of the fame denfity with common Stones, 
(tho* it is probable it is much more dcnfo) whence 
the Quantity of Matter in the Earth will be to the 
Quantity of Matter in the Stone of a hundred feet, 
as 300 000000000000000000 to I ; and therefore 
whilft the Stone by its Weight falls through the 
Space of fifteen Feet, the Earth will bt; drawn to- 
wards the Stone the 300000000000000000 ^^"^ °*" * 
Foot: which is fo very fmall a Quantity, as not to be 
conceived by the Imagination, and confequently may 
be neglected and efteemed as nothing in Piiilolbphy ; 
altho' fpeaking geometrically, and according to Truth, 
we ought to fay that the Earth advanced towards the 
Stone, and that both the Bodies mutually aturafted. 
each other. 

If the Moon by its Gravity is retained in its 
Orb, fo that it does not leave the Earth -, that is, if 
the Moon gravitates towards the Eartii, in like man- 
ner the Earth and all its Parts will gravitate towards 
the Moon: and hence arifes the continual Flux and 
Reflux of the Sea. But this by the bye, for wc fliall 
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in another place explain more fuliy the Motions of' 
the Sea. 

Let fucli a Ship be at reft in the Water, as may 
be eafily moved by any external Impiilfe, yet no 
Force a(5ling within that Ship, and foiely contained 
in it, can communicate any Motion to it at all j for 
Jet GH be the Ship, and let any Machine, for ex- 

P 

^^^_ ample, the elaftick or fpringing Body A BC, which 
^^^L being violently (Irainecl, will endeavour to unbend 
^^^^B hfc-U, be placed within the Ship: moreover, the 
^■^ Machine being compreficd, the Side BC will ap- 
proach the Side AB; the Spring by its natural Ener- 
gy, or reftoring Force, endeavouring equally to un- 
bend itrdf on both fides, will equally impel the Ob- 
ftacV- D A towards G, and the ObfVacIe E F to- 
waids H: and therefore the Ship being impelled by 
thcfc- contrary and equal Motions, will not be moved 
at all, Jiift in the fame manner, as if one ftandirg 
at the head of the Sliip H, fliouid by a Rope draw 
lohimfilf the Stern Gi now the Rope being di- 
ftendcd both ways, by its Endeavour to rel.ix it Icif, 
it will equally urge the Stern towards the Man that 
drawf, and the Man towards the Stern; and fince 
he is featcd at the head of the Ship, in like manner 
the Head will be equally drawn towards the Stern: 
whence the two contrary and equal Motions will dc- 
ftioy esch orficr, and coniequentiy no Motion ati| 
■ill follow. 

Fr}U 
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From this Law may be demonftrated the follow- 
ing Theorems. 

T H E O R. XVIII. 

If one Body firikes againjl another that is either at rejt^ 
or moving in the fame Dire£iion, but flower; the Sum 
of the Motions in both the Bodies towards the fame 
Parts, will remain the fame after the Stroke, . as it 
was iefore that Stroke. 
Let the Body A move in the Diredion C D from 

C towards D, and let it Itrike againft another Body. 

Bt that is cither at reft, or moves flower in the fame 
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Direction : I fay, the Sum of the Motions in both 
Bodies towards the fame Parts, namely, from C to- 
wards D, before and after the Stroke, will remain 
the farr.e. Lee CD exprefs the Motion of the Body 
A, and if the Body B moves, let the right LineEF 
rcprefent its Motion towards the fame Parts, and 
thcK-fore the Sum of the Motions may be exprelTed 
hy the Sum of the right Lines CD, EF. Now 
mnce Action and Re-atlion are always equal and 
■contrary, the equal Forces imp;eflld towards con- 
;ry Parts, will produce in both the Bo.Iies equal 
Changes of Motion towards the contrary Parf;: if 
'therefore the Motion impiefled on B by the Stroke 
of the Body A /halt be rcprtfentcd by FG, the con- 
trary and equal Force ailing on the Body A will 
[take as muih from its Mution made towards the 
fame Parts i fo lh:it by putting D IC equal to F G, 
"^ K will be as the Motirm of the Body A, and EG 
Ls the Motion of the Body B afK-T the Stroke oi- 
'piicourfe; ar.d ilii.-rt-furc the Sli;;! of the Mo'i'ins 

will 
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■will be as the Siim of the right Lines CK, EG." 
But finceFG is equal to K D, if to both there be 
added E F and C K, then E G and C K will be eqasi 
to CD, EFi whence the Sum of the Motions to- 
"waids the fame Pam, will remain the fame, both 
before and after the Stroke. If F G is equal to C D, 
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die Point K will coincide with C, and CK wil 

come equal to nothing-, whence after the Stroke the 
Body A will be at reft. But if F G is greater chaa 
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C D, the Point K will fall beyond C, and the Mo- 
tion of A will become negative, or towards the con- 
trary Parts, viz. from C towards Kj and the Sum 
of the Motions towards the Parts G, will be as EG 
Jeflened by CK: for the Sum of two Quantities, 
, whereof one is pofitive, the other negative, is their 
[ difference. But becauie F C = K D, let E F — C K 
be add::d to them both, and it will be EF-{-FG 
— CK: that is, EG— CK = KD4-EF — CK, 
that is, EFh-CD: whence the Sum of the Mo- 
tions towards the fame Parts, which is here the Dif- 
-fcrence of the Motions towards the contrary Parts, 
■ before and after the Sli-oke, remains the fame. 
•^ £. D. 

Car. After the fame manner, if more Bodies 
moving towards the fame Parts Urike againft one 
another, the Sum of their Motions wUl not be 
altered. 

TE 
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THE OR. XIX. 

I F two Bodies moving towards the contrary Parts, do 
. direllly firike againft each other% the Sum of their 
AfolioKS towards the fame Parts (which is the Dif- 
ference of their Motions towards contrary Parts) be- 
fore and after the Stroke, will always remain the 
fame towards the fame Parts. 

- L E T the Body A move from C towards D, whofe 
Motion let be expreflcd by C D ; but let B be moved 
towards the contrary Part, namely from E to F, 



with a Motion as E F : let D H be pur equal to E F; 
and C H, which is the Difference of the Motions to- 
wards the contrary Parts, will be as the Sum of the 
Motions towards G ; I fay, the fame CH wiJl be as the 
Sum of the Motions towards the fame Part G after 
the Stroke. For let the Motion of the Body B after 
the Stroke be towards the Part G, and let it be re- 
prefented by the right Line EG; the Force there- 
ibrc of Impulfe imprelTed on the Body B towards the 
Part G, will be equivalent to the Sum of the Mo- 
tions EF, EG, and will be reprefented by the right 
LincFG: for by that Force is deflroyed the Mo- 
tion as EF, towards the Part F, and a new one as 
E G is impreffed towards the contrary Part G. But 
fincc the Force of Impulfe aiSs equally on both Bq- 
dies towards the contrary Parts, if D K is made 
equal to FG, it will reprefent the Force exerclfed on 
the Body A towards the Part contrary to ics Mo- 
tion; fo that if the Motion as DK is fubltrafled 
from the Motion as CD, there will remain CKas 
the true Motion of the Body A towards di: Pait G. 

Now 
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Now fince D K is equal to F G, and D H equal to 
FE, it will be DK, leffened byDH, that is, KH 
equal CO FG, leffened by F E, that if, EG: and 
theretore fince K H is equal to E G, K H will bcM 
the Motion of the Body B after the Stroke ; but 
C K is as the Motion of the Body A, fo that CK, 
KH, that is, CH will be the Sum of the Motions 
in both Bodies towards the Part G. ^ E. D. 

If FG is equal to CD, the Point K will fall on 
C, and then the Motion of A will become equal to 
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nothing; that is, the Body A after the Stroke will 
beat teft, and CH wjll be equal to EG. But if 
F G is greater than C D, the l*oint K will fall fa&» 
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yond C towards the other Part, and the Motion of 

the Body A will be from C towards K; but (by 

reafon FG is equal to DK, and FE equal to DH) 

KH is equal to EG; and therefore if from both 

there be taken C K, it will be C H equal to the right 

Ji^3Line E G, leffened by C K. But C H was as the 

f<5uin of the Motions towards the Part G before the 

Stroke, and it is EG leffened by C K, as the Sum 

of the Motions towards the fame Part i namely, as 

I the Difference of the Motions towards the contrary 

Parts after the Stroke. Wherefore the Sum of the 

Motions towards the fame Part will remain the fame 

before and after ih^ Stroke. 

These two laff Theorems are both at once tl 
well cxprcffed by Sir I/aac Neivicn. 
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The Slu&ntity of Motion, that is gathered hy taking 
tht Sum of the Motions made tozmrdi the fame Part, and 
the Difference ofthofe made towards the contrary Parts, is 
«et altered by the AH ion of Bodies amongfi themfelves. 

LECTURE Xni. 

Second Definitiom. 

H E Center of Gravity of any Body is a "Point 
■placed within that Body, through which if a 
Plane fajfes any boiv, the Segments of the 
heaijy Body that are on eachfide, as il were 
iallanced upon that Plane, will equiponderate. 

Hence, if a Body is fufpended by its Center of 
Gravity, whatever Situation it is put into, it will re- 
tain it: viz. fince the Parts of the Bady every where 
about the Center confift of equal Momenta, or have 
equal Propenfitits to Motion. 

II. We call the common Center of Gravity cf tzvo Bodies, 
a Pcint fofituatedin the right Line joining their Cen- 
ters, that the Bifiances cf the Bodies frcm that Peint^ 
are ina reciprocal Ratio of the Bodies. 



Let there be two Bodies A, B, whofc Centers of 
—ravitylcc be joined by the rlglit Line AB; which 
let be fo divided in C, iJiat A C be 10 B C as the 



lody B, that is, the Matter of B is to the Body A, 
or Matter in A; that Point C is called the common 
M Center 
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Center of Gravity of the Bodies A and B: namely, 
becaufe if thofe Bodies are tiirned about that Point, at 
the fame Diftances from it, they will retain any given 
Situation, (as was dcmonftraced in Theor. 11.) 

HI. I ^ like manner^ if there are three Bodies A, B, D, 
and C be the Center of Gravity of two of them, A and B, 
end the right Line CT) be fo divided in E, that C E 

i g> 

ij /a D E as the PFelgbt of the Body D to the Weight of 
the two Bodies A and B together, that Point E is called 
the common Center of Gravity of ihefe three Bodies ; 
about which alfo if the Bodies are turned, (hey ujG re- 
tain any given Situation. 

IV. Aft E K the fame manner, if there are four Bodies 
A, B, D, F, and E is the common Center efCravi- 

AC M '£. D G_ s 

O-J Qr-i O 1 O 

iy of the three A, B, Di the Point G, which fa di- 
vides the right Line E F, that ¥.0 is toGF as tht 
Weight of the Body Fto the IVeight of the Bodies 
A, B, D, taken together, is called the tommon CtH^ 
ler of Gravity of thefe four Bodies. 

And after the fame manner the common Ccnl 
Gravity of five or more Bodies may be determined. 

V, O N E Body isfaid tofirtke or impinge direitly on a»5- 
ther, when the right Line, in which it moves, drawn 
through the Center of Gravity of the impinging Bedf 
'and the Point of Conta£l, is perpendicular to the Super' 
fides of the Body that receives the Stroke -, or, if the 
Bodies do not touch one another in a Point, but in a Line 
#r a Superficies , when that Line is perpendicular to iki* 
Line or Superficies. 
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VI. BvT it is /aid tojlrike or impinge oMiquely or itidi- 
reaiy en the other, iL-ben the before-mentioned right 
Line is not perpendicular to the Superficies of the Bo^ 
that receives the Stroke, 

VII. I C A L L that a perfeHly bard Body, which does 
net yield in the leaji la a Stroke; that is, which does 
not lofe its Figure for a Moment. 

VIII. That is a foft Body, which fo yields ton Stroke, 
as to lofe its firft Figure, and never to endeavour to 
recover it again. 

IX. That is an elafiic Body, which yields indeed far 
a little while to a Stroke, yet of its own accord does 
recover itsfirji Figure. 

X. A N elajtick Force is that Force, ■coherely a Body ob- 
liged to quit its Figure, recovers it again. 

XI. A Perfecti-y elajUck Body isfach a one, as 
recovers its firft Figure -with thejame Forces thereby 
it was obliged to ^uit it. 




THEOR. XX. 
F two or more Bodies are carried by an equeble Motion 
/awards the fame or contrary Paris, their common 
Center of Gravity before their mutual Concourfe will 
either be at reft, or will move uniformly in a right Line. 
The firft Cafe. Let the Bodies A and B tend to- 
wards contrary Parts, whofe common Center of Gra- 
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jrity let be C. By rcafon of the equal Qinnticy of 
Morion in boili Bodies, the Velocity of die Body A 
ill be ro the Velocity of the Body B, a<i tlic Body 
to the Body A; that is, (from the Nature of the 
Center of Gravity) as A C to EC: whence, the 
Spaces paffed over in the fame Time being propor- 
luable to the Velocities, wiiilil the moving Body A 
M 2 runs 



An IntroduBton to 




runs througb the Length A C, the Length BC ' 

be run ihiuugh by the moving Body Bj fo that ; 

Bodies will meet in the Point C, and in that Point 
will be their Center of Gravity at the time of their 
Concouile; but it was in the lame Point before the 
ConcoLirfe, fo that it remained in the fame place. 

It may be (liewn, after the fame manner, that If 
the Bodies receded from the Point C with equal 
Motions, their Center of Gravity would have been 
at reft. 

The fecond Cafe. If Bodies are carried in the fame 
right Line towards the fame Part, or with unequal 
Motions cowards contrary Parts, their common Cen- 
ter of Gravity will be always found in the fame right 
Line. For tince the Bodies do uniformly and direftly 
recede from one another, or approach one another* 
their Ditlance from one another will be uniformly in- 
creafed or diminilhed j and therefore the Bodies 
will uniformly recede from, or approach to any 
Point, dividing the aforcfaid Diftance in a gircn 
Ratio. The Diftance therefore of the Bodies from 
their common Center of Gravity will be uniformly 
increaftd or diminifhedj which cannot be in the a- 
forefaid Cafes, unlefs that Center is either at reft, (as 
in the firft Cafe) or moves uniformly, as in the pre- 
fent Cafe. 

The third Cafe. Let the Bodies A and B move 
in the right Lines AC, BD; and let the Spaces 
L A C, C E, paflrd over by the Body A in equal Times, 

\ be equal i and the Spaces BD, D F, pafled over by 

■ the Body B in the iame Times, be alfo equal. Let 

■ the right Lines AC, B D, meet in G ; and let it be 
I as A C to B D fo is A G to G H, and join A H -, to 
I which through C and E let CI, E K, be drawn pa- 
I . rallel: it will be AC to HI as AG to GH, that is, 
ft as A C to B D i wherefore HI is = B D, and there 
B foreHB = ID. In like manner, CE is to IK, as AG 
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to GH. or ACcoBD, that is, as CE to DF; 
wherefore 1 K is = 1) F, whence K F = I D = H B. 
Let L be the common Center of Gravity ot the Bo- 
dies, when they are placed in- the Points A and Bv 
flraw L M parallel to B D ; the right Lines A B, A H, 
I will be cut fimilarly: join GM, and let it be pro- 
Iduccdi this will cut the Parallels to AH in the 
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L Points N and O; viz. in the fame Ratio as AH 
r or A Bis cut. Draw through N and O, parallel to 
BD, the right Lines NP, OQj thefe will cut C D, 
EF, in the fame Ratio as CI, EK, are cut, that is, 
in the fame Ratio as AB is cut in L: but L is the 
common Center of Gravity of the Bodies when they 
are found in A and B ; wherefore P will b.- thi " 
Center, when they are in the Points C and D, and 



Qwhen in E and F. B.fides, ML is to HB as 
AM to '" --- 



A H, or as C N to C I, or as NP to 1 D 
M 3 t>uE 
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biitHB and ID are equal; wherefore ML i 
N P wiii be equal : in like manner, N P and O QjiS 
be equal. Since therefore the right Lines ML, N P, 
O Q, are equal and parallel, the right Line drawn 
ihroiigh L, and parallel to MO, will pafs through 
the Points P and Q. and therefore the Center of Gr^ 
vity will be always placed in the right Line LQj_ 
B.'lides, (by reafon of the Parallels^ A C is to C E as 
MNto NO, that is, asLPtoPQ; wherefore (by 
reafon A C is = C E) it will be L P = P CL There- 
fore the common Center of Gravity of Bodies is always 
in the fame right Line, and pafles over equal Spaces io 
cqii.i! Times. ^ E D. 

lbs fourth Cafe. I f the Bodies do not move in any 
one, but in different Planes, their Ways, and the 
Way of their common Center of Gravity muft be re- 
duced to the fame Plane, by letting fall from every 
Point ofihcWays, Perpendiculars upon any Plane; 
and (after the lame manner as in the preceding Gale) 
it will be demonftrateil, that the Way of [he Center 
of Gravity thus reduced, will be a right Line: and 
fincc this is in any Plane affiimed at pleafure, it is 
necL-ffary that this way or Path of the Center of Gra- 
vity of the Bodies is a right Line. ^ E. D. 

I^ like manner, the common Center ofthvfctwo 
Bodies, and any third one, is either at reft, or movw 
uniformly in a right Line, by reafon the Dillancc of 
the common Center of Gravity of ihetwo Bodies, and 
the Center of the third, is divided by it in a given Ra- 
tio. And after the fame manner the common Center 
of thele three Bodies, and a fourtli, either is at rcll, 
or moves in a right Lire, by reafon the Diftance be- 
twixt [he common Center of the three, and the Cen- 
ter of the fourth Body, is divided by it always in the 
fame Ratio; and fa of any other number of Bodies, 
« £.D. 

TI 
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If two Bodies, whether equal or unequal., are carried io- 
ivards the fame Pari., with Celerities whether equal or 
unequal^ the Sum of the Motions in both Bodies mil 
be equal to the Motion that would arife, if both the 
Bodies were carried with the Celerity of their common 
Center of Gravity. 

Let the two Bodies be A and B, wliofe common 
Center of Gravity Jet be C, and let both the Bodies 
be carried towards D; I fay, the Sum of the Mo- 
tions in both Bodies will be equal to the Motion 



that would be produced, if both Bodies were carried 
towards D with the Celerity of their Center of Gra- 
vity C. For let the Body A in any given Time de- 
fcribe the Length A a, the Body B the Length B by 
and in the mean while let the Way palfed over by 
the Center of Gravity C be C G ; and [by Theor. 6.] 
the Lengths A a, B ^, C G, defcribe(i in the fame 
Time, will reprcfent the Celerities of the Body A, 
the Body B, and the common Center of Gravity C 
refpeftively -, but [by Corol. Theor. 3.] the Quantity 
of Motion in any Body is as a Reftangle conuined 
under the Quantity of Matter and the Celerity, (b 
tliat the Motion in the Body A will be as A x A « ; 
and in the Body BasBxB<^i and the fum of the 
Motions will be as the Sums of theft: Rectangles, viz. 
as Ax Aa-HBxB^. But [by the D.-f. of the Cen- 
ter ofGraviiy ofBodies] BCistoACas A to B; 
and as A to B, fo alio [by the fame Dsfinition] is 
^ G to dG: wherefore BC will be to ACas^Gro 
a G; whence [by 1 9 El. 5.] ' B C is to A C, that is, ' 
A to B, as B C— i G to A C—a G 1 that is, as C G 
M 4 — B> 
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— BitoAo— CG. Sothac [by i6 £/. 6.] AxAff 
—A X C G will be equal to B x C G— B x B i; and 
tiiereforc AxAfl + BxH^ will be equal to A x C G 
-4-BxCG: but the two Reftangles A x A a and 
BxB^are (as has been faid) as the Sums of ihc 
Motions in bodi the Bodies: and the two Redtan- 
gles under A and C G, and under B andCG, will 
be as the Sum of the Motions that would arife, if 
both the Bodies were carried with the Celerity C G 
of the Center of Gravity : whence the Sum of the 
Motions in both Bodies is equal to the Motion that 
would be produced, if both Bodies were carried witK 
the Celerity of their common Center of Gravity. 
S_E.D. 

If there are three Bodies a, B, D, carried towards 
the fame Part, let E be the common Center of Gra- 
vity of thcfe three Bodies; the Sum of the Motions 
in the three Bodies wiil be equal to the Motion ari:'^.*! 
fing from the fame Bodies carried with the Velo^flMfl 

.^ C ^ E J^n 

®-H ® 1 ® 

of the Point E. For let C be the common Center of 
Gravity of any two Bodiis A and B, the Motion in 
thefe two Bodies (,by what has been demonftrated 
before) will be equal to the Motion that would 
arife, if the Bodies coalcfced in one were carried 
with the Velocity of the Point Cj but alfo the Sum 
of the Motions (w'z. the Motion of the Bodies fo 
coalefcing, and the Motion of the third Budy D) 
will be equal to the Motion which would happen, 
if the Body coalefcing out of the two was moved to- 
gether with the third Body D, with the Celerity of 
the Point Ej whence the Theorem holds alfo in this 
. Cafe. 

Th E Demonftration is the fame, if the Bodies do 
not move in the fame right Line, but in Parallels, or 

alfo 
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alfo in Lines any how inclined. But in this Cafe it 




muft be obferved, that the Celerity of the Bodies, 
wherewith they are carried towards the fame Part 
with the Center of Gravity, is not to be reckoned 
by the Way which they reaJly pafs over, but only by 
the Way wherein they move according to the Di- 
rection of the Center of Gravity. For example, if 
two Bodies A and B are carried in the right Lines 
A a, B^, and C G is the Line defcribed by the com- 
mon Center of Gravity, whilft the Bodies pafs over 
the Lengths A a, B^, and from the Points A, d.B,^, 
let fall the Perpendiculars AF, ag^ BH, iKupon 
the right Line C G. Now the Spaces which the 
Bodies pals over according to ihp Direftion of the 




Point C, are not A «, B 

Spaces defcribed by them 



', which are the abfolutc 
but the Space according 



to which the Body A is moved towards the Part D, 
fiuift be computed in the right Line F D, by the 
Length F^; for it moves fo much, and no more, 
according to the Diretftion of the Point C. In like 
manner, the Space according to which the Body B is 
moved towards the Part D, is H K ; and by that 
Space, its Progrefs in the right Line H D is to be 
reckoned : fo that the Celerities of the Bodies where- ' 
with they are carried towards the fame Part, are a 

tin 



re-- , 
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the right Lines F ^, H K j befides, A is to B as B C 
to A C, or (by reafon of the equi-angular Triangles 
ACF, BCH) asHCtoFC: whence the Demon- 
ftration will proceed as in the firft Cafe. 

THEOR. XXIL 
I r t'we Bodies are carried towards contrary Parts, the 
Difference of the Motions loteards the contrary Parts, 
er, wbicb is the fame thing, the Sum of the Motions 
towards the fame Part, wtU he equal to the Motion that 
vaeuldbe produced, if both the Bodies were carried to- 
wards the fame Part with the Celerity of (be commm 
Center of Gravity. 

Let the Bodies be A and B, whofe Center of Gra- 
vity let be the PoinX C, and let the Body A move from 
A towards D, and the Body B towards the contrary 
Part from B towards E j let the Spaces defcribcd by 
the Bodies A, B, and Center C in the fame Time, be 

A ** C f? b li 
^0 1 1 i f oj) 

A a, B*, CG: thefe [by Theor. 6.] will reprcfert 
ihc Velocities of the Body A, the Body B, and Cen- 
ter of Gravity C rtfpcfftively-, whence the Motion of 
the Body A is as A x A <?, and the Motion of the 
Body B as B X B ^, fo that the Difference of the 
Motions will be AxA« — BxBi. Moreover, 
from the Nature of the Center of Gravity, BCisio 
AC as Aio B; and as A to B, fo will be^ GtoaG: 
wherefore it will be as BC to AC, fo ^ G toa G. 
So that [by 19 El. 5.] B C will be to A C, that is, 
AtoBasBC— ^Gto AC — aG; that is, A will 
be to B asBi+CB to Aa — CG, wherefore (by 
16 El.6.] iheRtftangletmdrr Aand Aa— CGwill 
be equal to the Rdftangle under B, andB^-f-CG; 
that is, AxAtf — AxCG=BxB^+BxCG: 
I whence 
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whence it will be A xAd — .BxBirr AxCG-h 
BxCG; butAxAa^BxB^is (as was faid before) 
the Difference of the Motions towards the contrary 
Parts, or the Sum of the Motions towards the fame, 
and A x C G -i- B x C G is the Motion emerging, if 
both the Bodies Ihould be carried with the Velocity 
of their common Center of Gravity, whence the Pro- 
polition is manifeft. 

Cer. I. If the Difference of the Motions towards 
the contrary Parts is equal to nothing, that is, if in 
both the Bodies the Qiiantides of Motion are equal, 
the common Center of Gravity in this Cafe will be ac 
Reft. 

Gw. 2. If there are fcveral Bodies, either all car- 
ried towards the fame P^irts, or feme towards the con- 
trary Parts i the Sum of the Motions of all towards 
the fame Parts will be the fame, as if all were carried 
towards the fame Part with the Velocity of the com- 
mon Center of Gravity of them all. 

Cor. 3. Th E Motion therefore of many Bodies iS 
to, be reckoned from the Motion of the Center of 
Gravity, and their Syftem will proceed forwards, or 
gp backwards, afcend or defccnd as much, as their 
common Center of Gravity proceeds forwards, or 
goes backwards, afcends, or delcends, 

THE OR. XXIII. 

I F Bodies impinge en one another^ or do nfl any way upon 

each other, the State of their common Center of Grd~ 

vily of being at reft, or moving uniformly in a right 

UtiBy will not be thereby changed. 

1 7 theBodiesimpingeononeanothcr, [byTheor. 19.J 
the Sum of the Motions' towards the fame Part 
■will be the fame before and after [lie Impulfe; but ' 
[by Theor. 21, and 22,] the Sum of the Motions be- 
fore and after the Impulfe is the fame, as if all the 

Bodies 
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Bodies were carried with the Vtlocity of the common 
Center of Gravity, and towards the fame Part with it. 
Wherefore, fince the fame Bodies have the Sums of 
their Motions before and after the impulfc equal to 
each other, and alfo equal to the Motion arifing from 
all carried together with the Velocity of the common 
Cente^of Gravity : it is manifell:, that the Velocity of 
the common Center of Gravity before and after the 
Impiiile will be the fame. ^E. D. 

W E have hjtherto delivered Ibme general Laws, 
ferving to determine the Motions of Bodies of all 
kinds i we Ihall now proceed to give fome particular 
Rules relating to their meeting each other, viz. where- 
by each Body, after the Concourfe, and mutually 
ftriking againit one another, do continue their Mo- 
tions, and towards wliat Parts tliey tend, and with 
what Velocity. But by reafonof the different Struc- 
ture of Bodies, viz. as Ibme are endued with an ela- 
ftick Force, whilft others want that Force, the Rules 
of their Concourfe will be different according to the 
various Sorts of Bodies : and tho' perhaps there is no 
Body that is either perfeftly hard, or perfe(5tly foft, 
or pcrfcdlly elaftick, (for haply all Bodies contain 
fometliing of all thefe in themfelves) yet it docs not 
hinder, but that we may, by an Abftraftion of the 
Mind, feparace thofe Q[ialities, and confider a Body 
as only endued with one of thefe Qualities; and die 
Motions of Bodies will come the nearer to the Rules 
hereafter given, the more the Bodies themfelves par- 
take of thofe Qualities and Conditions. 

We here fuppofe the Bodies to be feparatcd 
from all others, that their Motions are neither hin- 
dered or promoted by fuch as may lie rotrnd abi 
them. 



THE OR. 
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T H E O R. XXIV. 

If a bard or foft Body direSly impinges or ftrikes upot 
another hard or foft Body, whether the Body that re- 
ceives the Stroke^ !S either at reji, or moves flower to~ 
wards the fame Part with the other, or laflly towards 
the contrary Parts, and the Motions are unequiSt hotb 
Bodies after the Stroke will move together conjointly 
with the common Center of Gravity. 

Let the Body A impinge on the Body B, which is 
either at Reft, or moves flower towards the lame Part, 
or is carried towards the contrary Parts with a lefs 



C 3 i> 

— t ^ 1 



Motion; I fay, that both the Bodies after the Im- 
piilfe, will move with the fame Celerity, conjointly 
with the common Center of Gravity. For fmce the 
Body B is not hindered by the circumjacent Bodies, 
(by the fccond Law) it will move by the Force im- 
prcflcd on it by the Body A, towards the Parts, 
■wherein is the Direflion of that Force; but it will 
alfo be moved conjointly with the Body A : For it 
cannot move flower, by realbn the Body A follows 
immediately behind it; and it cannot move fafter, be- 
caufe by Hypothefis there is given no other impelling 
Caufe of its Motion befides the Body A; fince we 
fuppole ail others, as an elaftick Force, and an am- 
bient Fluid, to have here no Influence: lb that, after 
the Concourfc, both the Bodies and the common 
Center of Gravity will move conjointly together. 
^E.D. 

Cor. If the Bodies are fuppofcd to concur in D, 
fince the Velocities of moving Bodies are as the 
Spaces dell"ribed in the fame Time, the Velocities of 
the Body A, the Body B, and the Center of Gravity 

C, 



I 

I 
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AD, I 

pafled I 
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C, will be before the Concourfe, as the _ 
AD, BD, CD refpeaivelyj for ihefe Len] 
paffed over in the fame Time. 

PR OB. n. 

1:0 determine the Motions of hard or [oft j 

their direSl Impail or Stroke. 

We fiiall conftru(51; all the Cafes of this Problem 

at once. Let therefore A and B be two Bodies, 

whofe Center of Gravity let be C, and let us fup- 




A 




3ir 






■ 


C 


jj 


E 




>\ 


, 


B D 


2. 




A 


5 


C B 


D 


.J 


A 


4 


C 




B 






-DE 






A 


S 


C 


I 


E JJ 


A 

n— 


€ C 
1— 


B 


1- 






[ pofe the Bodies to meet in D, the Celerities of^ 

f Body A, of the Body B, and of the common CctI 

[ of the Gravity C. before the Stroke, will be [by the 

I preceding Corol.] as the right Lines AD, B D, and 

I CD reff)e(5tive!y. Let now D E be made equal to 

I DC, this will reprcfcnt the Velocity of the Bodies 
I after 
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Iter their Concourfe; that is, the Velocity of the 
tody A before the Impuifc will be to its Velocity af- 
Br the Impulfe as ADtoDE: and the Velocity of 
he Body before the Stroke, will be to its Velocity 
fter the Stroke, asBDtoDE: for [by Theor. igi] 
he Bodies A and B after the Impiille move on toge- 
her with the Center of Gravity ; but [by Theor. 18.] 
he Celerity of the Center of Gravity will be the fame 
ioth before and after the Impulfe, and always towards 
he fame Part, Wherefore if CD reprefencs its Vc- 
odty before the Impulfe, D E equal to C D will ex- 
H-efs its Velocity after the Impulle; fo that D E will 
ifo rcprefent the Celerity of the Bodies A and B, 
frhich after the Impulfe move together with the Center 
^. ^ E. D. 

Car. I. If the Body B is at refl:, the Point D co- 
incides with B, as in the firft Figure ; and becaufe B 
i to A, asACtoBC, orDE, by Compofition it 
m be A-|-BtoA,as AB orADtoDE; that 
^ the Velocity of the Body A before the Stroke is to 
'xs Velocity after the Stroke, as the Sum of the Bodies 
b the impinging Body A. 

Example i. If A is equal to the quiefccnt Body B, 
it will be A 4- B to A as 2 to I ; fo that the Velocity 
>f the impinging Body will be double its Velocity af- 
^r the Concourfe. 

Example 2. I f A is to B as i to 9, it will be A + B 
K> A as 10 to I ; (o that the Velocity after the Im- 
(ulfe will be only the tenth part of the Velocity be- 
pre the Impulfe. 

■ Example 3. If B is a Body that exceeds A infinite- 
ty, the Velocity of the Body A, after the Impulfe, 

Eill be infinitely fmall, that is, none at all ; for in that 
afc, A in refpeft of A + B vaniflies, and therefore 
"""le Velocity of the Body A after the Concourfe iike- 
ife vanifhes : that is, if the Body A impinges on a 
rm and immoveable Obilacle, after the Stroke it will 
eat reft. Ex- 
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Example ^. If the Body B is equal to A, and 

moves flower in the fame Direftion, D E or C D will 

AH AB H- 2 BD AD H- BD; 

be = |-BD= = 

222 
that is, the Velocity after the Impiilfe will be half the 
Sum of the firft Velocities. 

Example 5. I f the Bodies tend towards the fame 
Parts with equal Motions, the Point D will coincide 
with C, as was demonftrated in Theor. 20. and CD, 
D E, will be equal to nothing, that is, both the Bo- 
dies, will be at reft, after their Concoiirfe. 

Cor. 2. Hence the Law of the Cartejians is de- 
monftrated to be falfe, whereby they contend that 
there is always preferved the fame Qtjantity of Motion 
in the Univerfe : for Bodies which are not eJaQick* 
meeting each other from contrary Parts with the 
fame Motions, mutually deftroy each other's Mo- 
tions. 

Example 6. 1 f equal Bodies tend towards contrary 
Parts with unequal Motions, it will be D E or C D 

AB AB — 2 BD 
= CB— BD=: BD= 

AD — BD 

; that is, the Velocity after the Ii 

will be half the Difference of the firft Velocities. 

All thefe things eafijy flow from the Conftruftion 
above; but fince m Praftice there is occafion for a 
Calculation, a general Solution of this Problem may 
be thus difcovered by Calculation. 

Let the Velocity of the Body A be called C, and 
the Velocity of the Body B be c; and if the Bodies 
are moved according to the fame Direftion, the Sum 
of the Motions in both towards the fame Part will 
be AC-l-Bc: but if ihey are moved towards con- 
tVary Parts, the Sum of their Motions towards the 
lame Part will be AC— Bci but [by Theor., " 
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'nail Bodies, the Sum of their Motions towards the 
fame Part before and after the impulle is the fame: 
-wherefore the Motion of the Bodies after the Im- 
piilfe will be either A C + B c or A C — Br, accor- 
dingly as the Bodies did tend towards the lame or 
contrary Parts. There is therefore given the Mo- 
meninm of the Bodies carried with the Tame Velo- 
city, whence [by what li^s been faid in Lea. X.] 
their Veloi:ity will be likewife known-, namely, if 
their Momtr.tiim is divided by the Bodies them- 
feJvcs, the Qiioiient will exhibit their Velocities, viz. 

AC + Bf AC— Bf J VD ■ (11.- 

--=-or i and if B is at reft, that is, 

A-t-B A -j-B ' 

if fbe put equal to nothing, the Velocity oftheBo- 
AC 
*x3ies will tw a_4_b' 

Cffr. 3. S I N c E the Velocity of die Body A before 
ihe Impulfe was as A D, and after the Impulle its 
Veloci^ was as C D, the Velocity loft will be A C, 
and therefore the Motion loft by the Stroke A x A C. 

THEOR. XXV. 

If a moving Body ftrikes direllly againft another either 
in motion oral reft ; the Magnitude of ihe Stroke ispro- 
fortionaileto the Momentum that is loji at the Concourfe 
ir^ the more powerful Body, whichever of them it is. 

■ For if we fiippofe the more powerfiil Body, 
(whichever it is) or if they have equal Momenta, 
either of the Bodies, to be that which gives the 
^Stroke, and the oilier that which receives it; thi 
Magnitude of the Stroke will be equivalent to the 
Force imprelfed by the firft on the other: where- 
fore that Force imprelfed departs from the percu- 
tient Body, [by the third Law] fo that (he Motion 
loft in the pvrciittLnt Body will be proporiionable to 
' N ihe 
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the Force imprefled on the other Body, and confi- 
quently to the Magnitude of the Stroke. % E. D. 

Cor. Where the Momenta are equal that de- 
part from the pcrcutient Bodies, there the Magni- 
tudes of the Strokes will be eqi-ial. 

THE OR. XXVI. 
1 I F (7 given Body iinStly impinges on another given Bidy 

I at refly the Magnitude of the Stroke will be always pro- 

I portiombleto the Velocity of the impinging Body. 

Let the given Body A impinge on another givea 
BodyB that is atjceft, with a Velocity which may 
be expreffed by A B. Afterwards let the fame Body 
A impinge on the fame quielCent Body B, with anf|^^ 

Ac 5 .B H 

D ? E™ 

(her Velocity D E; that is, let A B be to D E as the 
former Velocity to the latter, and let the DiHances 
of the Bodies be A B, DE: for whatever is the 
Diftance at the beginning of Motion, it is the fame 
thing in refpefl: to the Magnitude of the Stroke> 
and Jet the common Center of Gravity in the firft 
Situation be C, in the fecond G. Since the Body A 
is moved with the Velocity A B, its Velocity after 

' the Concoiirfe will be CB; and fince its Motion 

before the Impiilfe was A x A B, its Motion after 
the Impulfc will be AxCBj and the Motion loft 

1 wiil be A >c A C. After the fame manner, if the 

I Body is moved with the Velocity D E, the Motion 

loft will be AxDG; and confequenrly, the Mag- 

! niEude of the Stroke with the Velocity A B will be 

to the Magnitude of the Stroke with the Velocity 
D E, as A X A C to A X D G, or as A C to D Gr 
but becaufe it is A C to li C as B to A, it wiiri^l 

L i 
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AC toAC + BC, that is, AB, as B to A -f-Bj 
and in like manner, it will be B to A + E as DG 
to DE. Wherefore it will be AC to A B, as DG 
to D E, whence by permutation it will be AC ro 
D G as A B to D E ; that is, chc Magnitude of the 
Stroke with the Velocity A B, will be to the Mag- 
nitude of the Stroke with the Velocity D E, as the 
Velocity A B to the Velocity D E. ^ £. D. 

Cor. If the Body A (hoiild rufh on B, the Motion 
loft would be as A X A Cj but if B fhould impinge 
•n A with the fame Velocity, the Motion loft would ' 

A. C Ji 

o 1 o 

be as B X B C ; but becaufe A is to B as B C to AC, 
it will be AxAC = BxBC; {q riiac the Quantity 
of Motion loft by the Stroke, will be the lame-, wlic- 
ther B impinges on A with a given Ci^lcricy, or A 
with the fame Velocity Ilrikes againft B; and conse- 
quently in both Cafes the Magnitude of the Stroke 
will be the fame. 

T H E O R. XVir. 

1 F sntBoij jhouldiwpinge on another Bodymsvingjloiier^ 

hut in iht fame right Line and lowards the fanii Part^ 

the Magnitude of the Stroke would be the fame, as if 

the antecedent Body was at refi, and the following 

Body was carried to-^ards it with a Vdscity e^ual to 

ibe Difference of their Velocilies. 

Let the two Bodies carried towards the fame 

Part be A and B, whofe common Center of Gravitjr 

let be C, and let the Point of their Coiicouifc be Dj 

e — ( e 1 

from what has been delivered above, the Velocities 

of the Bodies before the Impiilfe vnJl be as [he right 

N 3. Lines 
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Lines AD, BD, and confequently the Difference of 
their Velocities will be as A B: but the Velocity of 
both the Bodies after their Concourfe will be rcpre- 
fenced by CD, and confequently the Motion loft in 
the Body A will be A x A C. But if the Body A 
Jhodd impinge with the Velocity A B on the quiefcenc 
Bjdy B, its Velocity after the Concourfe would be 
CB, and its Motion Joft A x AC : whence fince in 
both Cafes the fame Qiiantity of Motion is Joft in the 
percutienc Body, the Magnitude of the Stroke will be 
. alfo tlie fame. .^^ E. D. 

Cor. I F the Difference of Velocities remains the 
fame, that is, the refpe(ftive Velocity whereby Bodies 
approach each other, however their Sum is increafed 
or diminifbed» the Magnitude of the Stroke wiU^H 
always the fame. ^H 

T H E O R. XXVIII. ■ 

I F Iwo Bodies meet each other with contrary MofioWf 

the Magnitude of the Stroke will he the fame, as if 

one of them was at refi, and the ether impinged on il 

with the Sum of their Fehfities. 

L E T A and B be two Bodies carried towards con- 
trary Parts, whofc common Center of Gravity Jet be 
C, and let D be the Point where they concur-, it's 
plain that the Velocities of the Bodies A and B are 
as the right Lines AD, BD; and confequently 
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Sum of the Velocities will be reprefented by AB; 
but CD eKprefles their Velocity after the Impulfe, 
and therefore the Motion loft in the Body A will be 
A X A C. But if A Ihould impinge on B at reft, with 
the Velocity AB; the Velocity after the Concourfe 
would be as C B, and the Motion loft as A x A C. 
Since therefore in both Cafes the fame Quantity of 
Motion is loft, the Magnitude of the Stroke will be 
the fame. ^E.D. Coi* 
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Cor. r. If therefore the Sum of the Velocities re- J 
mains the fame ; that is, the refpcftive Velocity of the 
Bodies Aatid B, wherewith they approach each other, 
whatever is the Difference of Velocities, or after what 
manner focver that Velocity is fharcd aniongft the 
meeting Bodies, the Magnitude of tlie Stroke will be 
always the fame. 

Cor. 2, Th E Magnitude therefore of the Stroke in 
given Bodies is always proportionable to their refpec-J 
tive Velocities. 1 

Cor. 3. T H E Motions of Bodies inclofed in a Space 1 
are the fame amongft one another, whether that Space 
is at reft, or moves uniformly and directly on 1 for 
the Differences of Velocities, wherewith Bodies tend 
towards tiie fame Part, and the Sums, wherewith 
ihey tend towards the contrary Parts, are the fame, 
whether the Space, in which they arc inclolid, is at 
reft, or moves uniformly forwards: and therefore the 
Magnitudes of the Strokes being always proportionable 
to thele, will be the fame in both Cafes. Hence ail 
the Motions within a Ship are performed in the fan c 
manner, whether i: is at reiV, or is moved uniformly 
forwards. Sj alfo the Phenomena of Ptoje£tiles and 
Percudions do all happen juft the lame amongft us 
placed upon the Karth, whether they are all toge- 
ther with the Earth in one common Motion, or there . 
is no fuch common Motion, and the Earth is at reft ; 
lb that the ObjeAions that are wont to be brought 
from the IneqLiality that ought tq be in Projectiles 
not mov'd by the lame Force, accordingly as they are 
made towards the Ealt or towards the Weft, and' 
from the unequal PercufTions made by a Bullet hurled 
by a Cannon, as the Explofion is performed towards- 
this or that part, and the like, prove nothing 00 ei- 
ther fide, whether to eftablilh the Reft or the Motion 
of the Earth. 

Nj LEC-; 
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LECTURE XIV. 



|F there were no fuch thing as ElaJUcity^ the 
'~\ Laws, which we have propofed in the pre- 
j ceding Lcftiire, relating to the Pcrcuftlons 
; of hard B2dies, would perfedtly agree to all 
Bodies, and all Bodies after the Impulfe would tend 
conjointly towards the fame Parts, towards which, be- 
fore the Perciiilion, the more powerful Body did tend, 
that is, the Body whofe Momentum was the grcateftj 
and with the Velocity that we determined in the be- 
fore mentioned Laws. But fince there are indeed very 
few Bodies, wherein there is not fome degree of E- 
lafticity, (for fofc Clay, Wax, and the like Bodies, 
contain in ihemfelves fome Particles of Air, which 
gives them fome Elaftick Virtue) it happens by that 
Elaftick Force, that Bodies after their Impulfe do not 
move conjointly together, but fly from one anoihcr, 
and ai-e moved with a different Velocity, fomeiimcs 
towards the fame, and fometimes towards the con- 
trary Parts. But in order to iinderftand the Modus 
and Caufe of this Rebounding in Bodies, we will il- 
Juftrate the thing by an Example. 

Let a B be a SiriDg extended over a Plane, but 
at fome Diftance from it, whofe 
Extremities A B let be firmly 
fixed, and the String itfelf very 
much ftretched : Now if the 
String be drawn by its middle 
■£ Point D, its Extremities re- 
maining immoveable, into the 
Situation ACB, fo that 
Point D fhall be in C, and t 
be let go, the Strirg 




and tbd^H 
will I^H 
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remain in the Sicuadon ACB, but with a great 
Force will endeavour to reftore itfelf to its for- 
mer Situation: and fincc by the contirmal Adlion 
of the Elaftick Force a fufficiently fwift Motion 
is raifed in the String, it will happen that when 
its Motion peifevercs towards the fame Part, till 
the Elaftick or Reftoring Porce, conftantly refilling 
this farther Motion^ and at length equalling it, Ihall 
dcllroy it, and urge or compel the String towards 
the Parts C; fo that when it Ihall again arrive into 
jhe Situation A D B, it will have the fame Force of 
moving farther towards C, as it had at firft of tend- 
ing towards the Parts E; and fo by moving back- 
wards and forwards, it will make cont-inuat Vibra- 
jJons, 

Let us now fuppofe the Body F to ftrlke ^ainft 
the String AB, the String will be then ■compelled to 
■quit its Situation through the Force exerted on it by 
■the Body F; and its Point D, on which the Botly F 
^avc the Stroke, will be moved, together with F, 
towards C: which Motion will continue even till the 
j-eftoring Power of the String, which is<;ontrary to 
ithc Motion ofF, Iliall be equal to that Motion; 
which as foon as it is, all the Motion towards C 
will be deftroyed. But this elaftick Force acting far- 
ther, will bring back the String, which therefore 
■will compel the Body F, and move it along with it 
■with the fame Velocity. But (by reafon we fuppole 
fthe Tenfion of the String to be very great) the String 
will reftore itfdf with the fame Force, wherewith it 
was firft infleifted : now the Force wherewith it was 
inflefted, was equivalent to the Momentum of the 
impinging Bady, {for that was all fpent in bending 
the String) fo that the String by adling on the Body 
F with luch a Force, will reftore to it the fame 
•Quantity of Motion, as was fpeat in bending it 
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therefore the Body F will be fent back with the fame Ve- 
Jocity that it came forwards with, and fo a Reflection 
will be occafioncd. 

Le T us now put, inftead of a String, any daflJck 

LBodyAB, which at firfl wc ihail fuppofe fixed and 
immoveable, and let its Superficies A D B be prrf" ' 
: 



inwards by the Force of the Body F ftriklng agi 
it. As loon as the comprefling Force, that is. 
Motion of the Body F (haii ceafc, ihefpringing Body 
by its innate Force will reftore itfeifto its former 
Figure, and by that Force will compel the Body F 
towards E*. and if both the Bodies are perfedtly ela- 
ftick, the reftoring Force of the Spring will be equi- 
valent to the Force tliac comprefTes It, that is, to the 
Momerituni of the Body F; and therefore it afting on 
the Body F with this Force, it will compel that Body 
to return back with the fame Velocity which it had 
atfirft. But if the Body ADBCis not fixed, but 
in fuch a ftate as its Motion is not hindered by any 
other Body, then the claftick Force will equally exert 
itfclfonboih the Bodies, and it will produce equal 
Changes of Motions: for if the Body A DB compels 
the Body F towards the Part E, that again will be 
equally compelled by the Body F towards the con- 
trary Part; and therefore the Bodies will rebound 
from each other. And fo we have demonftrated after 
whac manner it happens, Uiat Bodies after the Im- 

I'ulfo 
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puife do not either reft, or move conjointly together, 
but by rebounding from one another, they move with 
different Velocities, fomeiimes towards the contrary 
Pares, and fomeiimes towards the fame. 

The Carlefians, who were ignorant of the Force 
of Elarticity torefle^ft Bodies, having given a quite dif- 
ferent Caufe of Reflexion: for they lay, that Motion 
is not contrary to JVIotion, but its Diret'tion to its Di- 
reftion; and therefore one Body ftriking againft an- 
other, is refleifted, becaufe the Motion of the Body 
that gives the Stroke cannot be deftroyed, fiiice ac- 
cording to them nothing can be contrary to IVIodon: 
but fincc the Dlreftion of one oppofes the Direftion 
of another, they will have it, that the ftriking Body 
after the Impulfe muft be refledcd towards the con- 
trary Parts, the Quantity of Motion remaining the 
fame in the Body that gives the Stroke, and in that 
which received it. 

But it is eafy to fiiewj that this Notion is nei- 
ther agreeable to Reafon or Experience; for fincc 
the Momentum or Quantity of Motion conftitutes 
that Force •r Energy wherewith the moving Body 
tends according to its Dirct^ion, if two Bodies di- 
rectly meet each other, the Forces imprelfed accor- 
ding to their contrary Courfcs, will be contrary: fo 
that if they are equal, they will mutually dellroy 
each other ; if unequal, the Motion that is of the 
lefs efficacy, will be deftroyed. Bcfides, one Body 
ftriking againft a greater Body at reft, or moving 
flower towards the fame Parts, is reflcftedi but 
this cannot be done only by reafon the Diredtion is 
contrary to the Diredion; j^'''~-\ 

for if the Body B ftnkes a- M. \ fZ\ 
gainft another greater Body C iB J ^^~J 
A, that is either at reft, or ^%^ 
jnovcs flower towards the 

fame Parts; fmce all the Force that is found in both 

the 
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the Bodies, tends towards C, that Force can 
dircfl: the Motion in both the Bodies towards the 
contrary Parts. For [by the fL-cond Law] al! Motioi 
js performed according to the right Line, whcrela 
die Force is imprcffed ; but [by Hypothefis] all the 
Force is impreffed according to the right Line BC, 
I from B towards C: wherefore if the ReflecHon of 
} Motion was only made by the Force that is innate in 
^3odies, without a new Force, there would be caufcd 
1 Motion in a Courfe that is contrary to that wherc- 
Mn the Force is imprelTedj which cannot be. There- 
fore that Rtfleftion does not arife from the Force 
iirft imprefled, but from an EUftick Force, witli 
which both the Bodies are endued, and which equally 
afting both ways, compels the Bodies to rebound 
from one another. 

Besides, if Motion was not contrary to Mo- 
■ tion, it would be much eafier to direct a Body that 
Pis once in motion, towards the contrary Parts, than 
I to flop it quite-: for in the firfl: Cafe, the Motion of 
' the Body rcBefting on one's Hand is not received, but 
only tuin'-d towards the contrary Parts^ but in the 
latter Cafe, ali that Motion is employed on the rt- 
Jifting Body, which yet is contrary to manifcft Ex- 
perience. Laftly, if nothing was coritrary to Mo- 
tion, where-ever any Body hit againil any Obftacle, 
there will always be a Refleftion, which is nevcrthc- 
lefs contrary to Obfervation: for Lead, Clay, Wax, 
and other Bodies that have fcarce any Elafticity in 
them, if they fall on the Pavement, are not rcfleiftedi 
yet when Balls made of Wool or Feathers, Ivory, 
Marble, or Glafs, and other the like Bodies, which 
are vety claftick, are thrown againft the fame Pave- 
ment, they' ftrongly rebound: That Refieftion there- 
fore does not proceed from the Moiion that is conv- 
mon to all Bodies, but from an Elafticity which is 
only peculiar to reflcfting Bodies. Which was to be 
fliewn. ft^ 
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But perhaps the Cartefiam may aflc, how wc 
mie to know that Balls of Ivory, GJafs, and Mar- 
ble, and other refleding Bodies, which recm to be 
exceeding hard, are endued wich aa Elaftidty : I 
Wjfwer, That ihcy are ciaflick, may be hence con- 
cluded, That when they are ftruck, they yield a 
Souiid, which ariles from the Vibrations of the Bo- 
dy that receives the Stroke, after the lame manner 
as a ftretched String, by its Vibrations caufes Un- 
dulations in the Air; and therefore it is not in 
the lead to be doubted, but that thefe Bodies are 
endued with ibme Spring. And this Argument in- 
deed makes it probable that ihefe Bodies have an 
elaftick Force, but there is another Argument, where- 
in this matter may be dcmonftratively proved. 

For let there be two Balls either of Ivory or 
Glafs, and if their Figures were perfciftly fpherical, 
ihey would touch one another in one only and diat 
»n indivifible Point; but this cannot be done by any 
jiuman Art : yet they may be made fo nearly fphe- 
tfical, that they ftiali touch one another in a phyfical 
tPoint, that is, in the ieaft vifible part. Now if the 
jSuperficics of one ot the Balls is ftaincd with Ink for 
with any Colour that is eafily wiped ofFj and another 
■tody impinges on it at reft, it will appear from the 
fetpcriment, that not only a phyfical Point of the 
^all that ftrikes againft the other, will, after the 
fmpulfe be rtalned with the Colour of that other 
Ball, but a fufficiently large Part thereof; and this 
could not be, uniefs their Superficies were changed 
by the Force of the Stroke: but after the Reflection, 
we find that both the Balls have recovered their firft 
Figure. Wherefore the Balls have an elaftick Force, 
whereby ihey are able to recover thtir former Figure 
that wa%a:i;-i'd by the Stroke. ^ E. D. 

Now follow the Rules of Motion obferv.;d by 
Elaftick Biidies, 

THEOR. 
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THEOR. XXIX. 
If twoperftSily Elajlick Bodies impinge on one anotbtr, 
. their relative Velocity will he the fame before aitd ajler 
I the Impulfe ; (hat ii, tbeperfe£ily Elafiick Bodies will 
I recede from each other after the Stroke, ivitb tbefam 
I Celerity, -wherewith theyfirjl approached one another. 
[ For [by Cor. Theor. 7,7.] the comprefTing Force, 
\ on the Magniriide of the Stroke in given Bodies, 
[ arifes from the relative Velocity of the Bodies, and 
I is proportionable to it j and [by Def. xi.] perfectly 
Elaftick Bodies reftore themfeives to their fortncr 
Figure by the fame Force, whereby they were com- 
prcfled: that is, the reftoring Force is equal to the 
comprefling Force, and therefore is equivalent to the 
Force wherewith the Bodies approach each other be- 
fore the Impulfe. But Bodies are cotnpclled to fepa- 
rate from one another by this reftoring Force, whence 
this Force afting on the fame Bodies, will produce 
a relative Velocity equal to that which they had at 
firfV, or it will make the Bodies to recede from one 
m another with the fame Velocity wherewith they at firft 
I approached each other, i^ E. D. 
I Cor. Therefore in equal Times taken before 
E>and after the Impulfe, the Diltance of die Bodies from 
lone another will be equal; and coiifequently in the 
I fame Times, the Diftances of the Bodies from the 
K common Center of Gravity will be alfo equal. 
I From this Corollary, the Rules of Motion in the 
Congrefs of perfectly Elaftick Bodies may be eafily djf- 
covered! which we Ihall therefore do in the foil" 
ing Problem, 

P R O B L. III. 

Ta determine the Rules of Congrefs in Bodies thai are per* 

feifly Elaftick., andwbichdoimpingedireSllyonotie another. 

W E (hall give at once the Conftrui^Hon of all the 

Cafes of this Problem. X«t A and B be two per- 



ifUy dif- 
folhM 



Led. 14. Natural Pbilofopby, 189 



A. I c B K 

A 2L €2^ B -TT 

A 3 C B <r 

' Q I Ill ■ 



£ 



J> K 



<z. 



A4 C B ^ ^ 

D 

A£4r c B <^ 

0-* 1 — o— *^- " -X 

A (J* C B ii- -^ 

A r CK B 

I i III o 

JEJ> 

A8 flcC 2> JB 

X 



o .111 I <0 



A9 ck B 

O » ■ I — 

AJO C 2> B 

C3 r ^ I " ■ I 



Air DE « 



7 vi[ 



^igo ^ IntroduSlion to 



L 



feftly Elaftick Bodies, whofe common Center of Gra- 
vity let be C, and let the Bodies meet in Dj make 
CE equal to CD: i fay, that after the Concourfc 
the right Line E A will exprcfs the Velocity of the 
Body A from E towards A, and the right EincEB 
will exprefs the Velocity of the moving Body B from 
£ towards B. 

Demonjiration. Since [by Theor. 23.] thecom- 
mon Center of Gravity of the Bodies before and after 
the Impulfe, proceeds always uniformly with the 
fame Velocity, in the Time equal to that wherm 
the Length A D is paficd over by the Body A, or the 
Length CD by the Center of Gravity C, after the 
Impulfe the Length D K equal to D C, will be pafled 
over by the fame Center C ; make K a equal to C A : 
and fiiice [by the Corol. of the preceding Theor.] in 
equal Times taken before and after the Impulfe, the 
Diftances of the Bodies from the common Center of 
Gravity are always equal, in the fame Point of 
Time, as the common Center of Gravity is in K, 
the Body A will be found in a, fo that after the Im- 
pulfe its Motion will be from D towards a ; and its 
Velocity will be as the right Line D a, which is 
pafled over by it in that Time. But by rcafon CE 
is equal to the right Line CD or K D, and CA 
equal to K a, the Difference of the right Lines CE, 
C A, will be equal to the Difference of the right 
Lines KD, Ka, that is, EA will be equal toDji 
but the right Line D rt denotes the Velocity of the 
Body A after the Impulfe: wherefore its Vtlodiy 
will be alfo denoted by the right Line E A. Bd* 
fides, fince the relative Velocity of the Bodies before 
and after the Impulfe is the fame, and the rig^t 
Line EA denotes the Velocity of the moving Body 
A, the Velocity of the moving Body B, after the 
Impulfe muft be neccflfarily denoted by the righl 
Line E B > namely, from E towards B. ^ E. D. 
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Cor. I. I F rhc Body B is at reft, the Point D will 
coincide wich B, as in the firft three Figures: and 
'becaufe B is to A as A C to C B, it will be by Com- 

Kofition B -{- A to A as A B to C B ; whence by 
oubling the ConfequenCs, it will be B -|~ A to 2 A> 
;as A B to 2 C B or E B ; that is, as the Aggregate of the 
Bodies to twice the impinging Body, fo is the Celerity 
ef the impinging Body before the Impiilfe, to the Cele- 
rity of the Body that is firft at reft after the Contadt, 

Ccr. 2. A N D therefore if A and B are equal, it will 
beA+B=2A; whence E B, the Celerity of the 
Body B, after the Contait will be equal to A B the 
Celerity of the Body A before the ContaiHr, and con- 
fcquently the Point E coinciding with the Point A, 
A£ the Velocity of the moving Body A after the 
Impulfe will be equal to nothing: which may be 
aifo thus cafily fliewn ; By rcafon of the Bodies A 
and B being equal, it will be AC = C B^C D = 
CE» wherefore the Point E coincides wich A, and 
confequcntly the moving Body A, after the Impulfe, 
will be at reft, and the Body B after the ImpuIIe will 
move with the Celerity E B or A B. If therefore 
an elaftick Body impinges on another equal to it and 
at reft, after the Coniaift the impinging Body will 
be at reft, and that which was at reft will be moved 
with the Celerity of the firft Body. 

Cor. 3. I F the equal Bodies A and B are carried 
towards the lame Part (as in Fig. 4,) after the Contadt 
ihcy will be alfo carried towards the lame Part with 
interchanged Velocities. For by reafon CE is = 
CD, andAC = CB, it will be CE— A C, that is, 
EA = CD — CBorBDjand therefore the Velo- 
city of the Body A after the Impulfe will be equal to 
the Velocity of the Body B before the Impulfe. Be- 
fidcs, becaufe E A is = B D, it will be K B ^ A Di 
and confcqitenily the Velocity of the Body B after 
»he Conia(^t wil! be equal to the Velocity that tlieBody 
A had before the Cojicourfc. Cor. 
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Cor. 4. I F the equal Bodies A and B are i. 
towards the contrary Parts {^^ in Fig. 8.) thejr^ 
after the Impiilfe recede towards the contrary Parts, 
with interchanged Velocities. For by reafon AC is 
= CBand CE = CD, it will beAC— CE, that 
is, AE= CB — CD or BDi and therefore die 
Velocity of the Body A, after the Impulfe, will be 
equal to the Velocity the Body B had before ihe Im- 
pulfe. Befides, by reafon E A is = BD, it will be 
A D = E B ; but A D was the Velocity of the Body 
A before the ConCoiirfe, and E B is the Velocity of the 
Body B after the Concourfe, whence the Corollary is 
evident. 

But fincc Calculation is always iifed in Praflicfj 
we ftiall here deliver a Method, whereby the Celeri- 
ties of Eiaftick Bodies after [he Impiiife may be invtf- 
tigated, and brought to Numbers; and it would in- 
deed be eafy, after the manner of the foregoing Co- 
rollaries, to reduce to Numbers all the particular Cales 
from the general Conftruftion ; but a general Calcu- 
lation may be thus more readily difcovered. 

Let us in the firfl place fuppofe the Bodies A 
and B to be moved towards the fame Part; and let 
C be the Velocity of the following Body A, but e 
the Velocity of the preceding BodyB: whence the 

©relative Velocity of the Bo- 
/f^\ dies will be C — c, and the 

fflJB ) D Sum of the Motions towards 
^^ the fame Part AC-t-Bf. 

Let the Velocity of the Bo- 
dy A after the Impulfe towards the fame Part, as 
before, be calird x; and becaufc ih-: relative Velo- 
city of the Bodies both before and after the Con- 
courfe is the fame, the Velocity of the Body B will 
be * + C — c: for the relative Velocity of the Bo- 
dies is equal to the Excefs of the Velocity, whereby 
the Velocity of the fwifter Body exceeds that of 
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the flower, fo that the Excefs ought to be C. — c> 
lut fince the Velocity of the Body A isr, its Mo- 
tion towards the Part D will be A x; and fincc the 
Velocity of the Body B is* + C — c, its Motion 
towards the fame Fart will be B a- -|- B C — Be; 
Rnd the Sum of thcfe Motions will be equal to the 
Bum of the former Motions, that is, it will be 
A*H-B;e+BC — B<:= AC H-Bc; whence by 
reducing this Equation, it will beA;f + B*'=AC 
-Br+,B.,.n..-AC -BCH-2B. , ^^^ 

A+B 
'docity of the Body A. Moreover, the Velocity 
of the Body B is = ;f -h C — c = A^IzL^^lhiJi 
_ _ AC — BC + 2Bf-f-AC-l-BC— Ac— B( 

•^-' - a+tb 

2 AC— Af + Bg . 
A-hB 
If B C is greater than A C + 2 B c , » or 
A C— B C H- 2 B <: ^j[j ^^ ^ negative Qiiantlty ; fo thaC 



AH- B 

the Velocity of the Body A in that cafe will be to- 
wards the contrary part, and its Motion towards D 
■will be negative. If the Body B is at reft, that is, 
ifr=:o, the Velocity of the Body A after the Im- 

-pulfe will be + .^^^^ — forwards or backwards, as 

' AH- B 

the Sign -|- or — fhall prevail. 

J F the Bodies A and B carried towards the con- 
trary Parts with the Celerities C and c, do dire(ftly 
impinge on each other, their Motion towards the 
fame I'art will be AC — Br, and the relative Velo- 
cities of the Bodies will be C-\-c. Now let .V be the 
Velocity of the Body A after the Impullej its Mo- 
tion towards the fame Part as before, will be A a', 
and the Velocity of the Body B will bea:-(-CH-c, 
(for the relative Velocity of Bodies is not altered by 
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the Stroke) and the Motion in the Body B towartts 
D will be B ;f + BC-f-Bf; whence the Sum of 
the Motions towards the lame Part will be A ;f -f- 
B*4-BC-^B<:, which [by Theor. 14.] will be = 
AC— Bf: lb that it will be A » -f- B* = A C — 
~BC — zBc, , . ,, 
^-^-^ '^"d the Ve- 

-BC— 2Bf_^- ^ 

-A+C -^^-^^ 

_ AC— BC— 2 Bc+AC 4- Ac+BC+Bc 2 AC-I- Ac— Bj 

~" A-f-B — A-hB * 

lFBC-h2Bfb greater than A C, the Motion of 

the Body A will be backwards; namely, toward* 

the conttary Part: in which cafe* or ~ IZ2 

■' A + B 

will be a negative Quantity. 

The firft, as I know of, who gave the true Laws 
of Motion in hard Bodies, was 'Dr.John H^allh, the 
famous Savili&n Profcflbr of Geometry in this Uni- 
vcrfity, which he did in the Philofopbical TranfaBiens 
N" 43. where he alfo ftiew'd the true Caufe of Reflec- 
tions in other Bodies, and proved that they proceeded 
from their Elafticity. Not long after, the famous Sir 
Cbrijhpher If^reJi^ and Monf! HuygetiSy imparted to 
our Royal Society the Laws that are obferved by per- 
Itftiy Elaftick Bodies, and gave exaffly the fame Con- 
Ifriidion, tho' each was ignorant of what the other 
had done. But fin ce they publifhed in the Pbtlofophicd 
"TranfaSioKs, the Conftru(5lions and Laws of Motion 
without any Demon ftration j we have thought fit to 
tike thence their very elegant Conftruiilion, and tode- 
monftrate it. 

Aft ER a not unlike Method is conftrufled the 
Problem in fuch Bodies as are indeed Elaftick, but 
which do not reflore themfelvcs with a Force equal 
to that whereby they were comprefied. For let 
iliere be any two Bodies A and B, whofe common 

Ccnici 
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Centerof Gravity ler be C; let A C, B C, be fo ai: 
in a and h, that AC is to a C and B C to ^ C, as the 
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}^orcc comprefling the Elaftick Body to the Force 
■whereby it reftores itfclf: and let CE be equal to 
C D, E « will be the Velocity of the Body A after 
the Impulfe from E towards a^ and E b will be the 
Velocity of the Body B from E towards D. 

But if the reftoring Force is equal to the com- 
prdling Force, the Point a will coincide with A* 
and the Conftruftion returns to the former. The 
Demonftration is cafy to any ore that underltanda 
tile preceding, nor is it neceflary to add it here. 

T H E O R. XXX. 

If ■? Soi^y A is moved uiifermly in tke right Line A "B^ 
and in (be mean icbile that right Line A B is carried 
akuays parallel to itfilf^ as alfo lailh an equable Mo' 
tion according to a DireEtion that is parallel (0 ACi 
and let the P'eloeily of the Body A be to the Velocity of 
the Urn A B i]j A B to AC, and lit he compleated 
the Parallelogram A B D C, whofe Diagonal let be- 
A D ; this will be the true Line defcribed by the Body 
A in its Atotion, 

Whe N the Line AB (hall come to the Situation 
ab, let g be the Place of the Body A; and bfcaufe 
[by Theor. 6.] the Spaces defcribed in the lame Time 
.are as the Velocities, a g the Length palTed over by 
»the moving Body A, will be to A u the Length paflld 
.■orcrby the Line A B, as the Velocity of A to the 
Velocity of the right Line A B, that is [by Hypothe- 
O 3 ii%\ 




fis] as AB to AC: whence the Parallelogram aG 
will be fimilar to the Parallelogram CB, and con- 
fequently (by 2+ El. 6.] the Point g will be placed 
in the Diagonal ADj rhac is, the Body A will be 
always Jound in the right Line AD: to that this 
Une will be pafled over by it. .^ E. D. 

Cer. 1 . T H E Line A D will be dclcribcd by the 
moving Body A in the iame Time, wherein, without 
the Motion according to AC, it would pais over the 
Line AB; or wherein, without the Motion according 
to AB, it would defcribe the right Line A C. 

Car. 2. S i N c E the moving Body is therefore car- 
ried in the right Line A D, becaufe bcfide its own 
proper Motion, it hkcwife partakes of the Motion 
of its Place, or of the right Line A B, and its Mo- 
tion is compounded of both thcfe; if any moveable 
Body has two Motions imprefTed on it at the fame 
time, according to the Directions A B, AC; and 
thofe Motion?, or the Forces whereby they are pro- 
duced, are as the right Lines AB, AC: AD will 
be [he Line dcfcribed by the moving Body, that re- 
ceives the Motions rmpreficd by thefe two Forces, 
and its Force, whereby it is carried in the rigbc, 
I,ine AD, will be to the Forces according to AB^ 
A C, as the Diagonal A D to the Sides of the Paral* 
lelogram A B, AC. 

Cor. 3. Hence convcrfiy, if the moving Body 

with a Force 33 A D palTcs over the right Line A D» 

- - . the 
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the Motion will be the fame, and according to the 
iame DirefHon, as if at the beginning of the Motion 
it had been impelled by two Forces at once, each 
proportionable to the right Lines A B, AC, accor- 
ding to the Dircftions from A to B, and from A to. 
C. And hence any Motion whatever, tho* fimple ih 
it felf, may be confider'd as compounded of more 
Motions; and any Forces may be rcfolved into o- 
thers, that are more in number, and a6t according 
Co different Direftions, 

THE OR. XXXI. 

I F the Body A impinges obliquely on a firm Obftacle D C, 
the Energy of the Percuffion^ or Magnitude of the ob^ 
U^ue Siroke^ will be to the Magnitude of the Stroke thai 



Apt 







the fame Body would have produced^ if it bad impinged 
perpendicularly with the fame Celerity ^ as the Sine of 
the Jngle of Incidence AQU to the Radius. 

From A letftljon the Obftacle the Perpen-licu. 
lar A D, it the Superficies of the Obftacle is a Plane ; 
or if ^ Curves let the perpendicular be let fall on the 

O 3 -Plar^ 
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Pkne touching tlie Obftade in the Point of Incidenee 
C, ind compleat tlie ReiSangle D B. Now [by Cor. 3. 
of the preceding Theor.] the Motion of tbe Body A 
being as A C in the right Line A C, will be equivalent 
to two Motions impreired at the fame rime according 
10 the Direftions A B, AD, which are to the Mo- 
tions in A C as the right Lines A B, A D, to A C: but 
the Obftacle docs no ways refift the Motion in the 
right Line AB; for fince AB is parallel to D C, 
the Body moved in the right Line AB will never 
impinge on the Obftacle DC. The Force therefore 
■wherewith it impinges on the Obftacle, is as die 
right Line AD; the Force therefore of the Body A 
in the right Line AC, is to the Force wherewith it 
impinges on the Obflacle, as A C to AD. But if it 
had impinged perpendicularly on the iame with a, 
Force as A C, the MagnitLide of the Stroke would 
have been reprefcnted by A C, for the whole Mo- 
tion would have been dcrtroyed by the Obftack; 
■wherefore the Magnitude of the oblique Stroke will 
be to the Magnitude of the perpendicular Stroke as 
AD to AC; that is, AC being made the Radius, 
as the Sine of the Angle of Incidence to the Radius. ' 

THEO R. XXXII. 

li a psrfenly Elajl'ick Body impinges et/iquefy 
firm Obftacle^ it inill be fo refieited from it, that the 
Jungle of RefieJlion fi^all be equal to the A»^le ef !«• 
cidence. 

L E T the perfeftly Elaftick Body A fall obliquely 
on the firm Obftade according to the Line A B j 1 
fay, that will with the fame Celerity be fo rcflcded 
in the right Line B C, that the Angle of Refie iftion 
CBF fhali be equal to the Angle of lucidence 
ABD. Let the right Line A B cxprefs the Motion 
«f the Body A ill the Direiftion AB: [by CoroLj. 
Theor. 
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Theor. 30,] let this Motion be refulved into two 
others, according to the Direftions, AE, AD, to 
■which the Motion in AB is as AB to AE, AD; 
but fince A E is parallel to the Superficies of die 
Obftacle, and A D perpendicular to n, or at lealt 
to the Plane touching the Obftacle in B; that Forcr 
wherewith it impinges on the ObHacle, is only that 
■which is as A D afting in a Diredrion chat is perp?n- 
tlicular to the Obllaclf. Now make B E equal and 
parallel to A D, and B F equal to D B or A E, and 
compleat the Reftangle E F, which will be in eve- 
ry thing fimilar and equal to the Rectangle DE. 
Since therefore the Motion as A E, according to the ' 
Ditedion parallel t-o the Obftacle is not deftroyed by 
the Stroke, for the Obdacle does not oppole thn 
Motion; after the Impulfe at B, the Force remain- 
ing in the Body to move accortliiig to the Direiftion 
B F, will be as A E or BF: but from the Nature of 
EUfticity, a Body impinging on an Obftacle with a 
Force as E B according to tlie Direftion E B, is re- 
Jlefted with the fame Force according to the lame 
Direction; the Motion therefore of the Body at the 
Point of Incidence B is compounded of the Motio:i 
2sBF according CO the Direction BF, and the Mo- 
tion as B E according 10 the Direiftion B F, Where- 
fore [by Corol. 2. Theor. 30.] the Body will be moved 
fn fhe right Line B C with a Force as B C : but by 
O 4 ceiti': 
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reafon AD, C F, are equal and paraJlel, and t: _ 
fon D B, B F, and the Angles ac D and F are e 
the Angle C B F will be equal to the Angle A I 
that is, the Angle of Refledion equal to the Ang 
Incidence. ^ E. D. 

PROBL. IV. 

T o determine the Motions of Bodies impinging ohIH 

after the Concourfe. 

Let any Bodies A and B be moved in the '. 
A C, B C, inclined to one another, whofe L.engl 
let refpedively exprefs the Velocities of the Bodies 
A, B : let E F C reprefent the Plane whereby the 
Bodies are touch'd in the Point of Concourfe-, on 
which from A and B Jet fall the Perpendiculars A E, 



A 


\ 


I. 


G 


n 




^^ 






\s^ 


^ 


1 




i' 


/ 


\^ 


■^ 




/ 


/J. 


^v^ 


"x 




J 


11 




B F, which may exprefs the Velocities 
the Bodies approach each other. Compleat the 
Reaangles EG, FH. [By Cor. 3. Theor.30.] the 
Motion of the Body A Is rcfolvcd into two othcra, 
according to the Direftions AG, A E; to which (he 
Motion in A C is as A C to A G, A E, refpeftively; 
in like manner, the Motion of the Body B is refolved 
into two other, according to the Diretflions B F, 
■ BHi 
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Hi to which the Motion in BC is as BC to 
BF, BH, refpeaively. ButfinceAG, BH, arepa- 
^^llel, by the Velocities wherewith the Bodies are 
moved according to thefe Direftions, they will not 
impinge on one another, fo chat the Motion accord- 
ing to thefe Directions will not be changed by the 
^mpiilfei the Velocities therefore wherewith the 
Bodies meet each other, are as A E or G C and B F 
H C. The Motion? therefore of the Bodies A, 
B, direftly ftriking againft each other with the 
^elociries G C, H C, will be determined, [by 
Probl. 2. if the Bodies are hard, or hy Probl. 3. 
if elafticki] and let CL be the Velocity of 
the Body A from C towards L after the Impulfe, 
^which arifes from the Velocities G C, H C. And 
,^nce, as has been fhewn, there remains in the Body 
"a Force of moving according to the Diredlion paral- 
lel to A G, with a Velocity as A G, make C M equal 
to A G, and conipteat the Rcftangle L M : the Body 
A, after the Impuile, will move in its Diagonal C N 
'with a Velocity as C N, as appears by Corol. 2. 
■Tbeor. 30. and after the fame manner will be deter- 
mined the Motion of the Body B alter the Impulfe. 

THEOR. xxxiir. 

1j a moveable Body A is drawn by three Powers hy tba 
means of three Strings, or by any other manner whatever 
ii follidted according (0 the DireSfions h^, AE, AC, 
fo that thefe three Powers are equivalent to each other, 
that is, if any (wo of them deftroy the Effeil of the 
^tbeTy and the Body is moved }yy none of them ; thefe 
Powers willhave amcngft tbemfetves the fame Ratio, as 
ha -e the right Lines parallel to their DireHiom, ani^ 
, terminate kf their mutual Concourfe. 

Let AD exprefs the Power or Force wherewith 
«he moveable Body A is follicited from A towards B j 
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the Force equivalent or equal to this, and follicituft 
the Body A the contrary way from A towards I), 
will be a!fo expreOed by AD: but [by Cor. 3. 




Theor. 30.] the Force Impelling the Body 
wards D, will be equivalent to two Forces acting 
according to the Direfbions A C, AE, to which the 
former Force afting from A towards D, is as AD to 
AC, AE, or to AC, CD, rcfpeaively; and in- 
verfely the Forces aifting according to the ri^t 
Lines AC, A E, and equivalent together to the 
Force folliciting the Body from A towards D, ought 
to be to the fame Force according to A D as AC 
aiid AE or CD to AD; wherefore likewift dw 
Forces aiding according to the right Lines A C» A Et 
and equivalent to the Force wherewith the Body ii 
foliiciced from A towards P, and dcftroying its 
EftVa-, ought to be to the fame, as AC, CD, to 
A Di that i<!, if the lame moveable Body ia Ibllicited 
by three Powers equivalent to each other, according 
Co the Dircdions A B, AC, A E, thefe three Powws 
will be as the right Lines A D, A C, A E, refpeaive- 
]y. ^E.D. _ ■ 

Cor. I. Since in every Triangle the Sides are af 
the Sines of the onpofite Angles, A C will be to 
CD astheSineof the Angle ADCorDAErothc 
Sine of the Angle D A C ; whence any two Power* 
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will be amongft themfelves reciprocally as the Sines 
'of the Angles, which the Lines of their Direftions 
contain with the Line of Direftion of the thinl 
^owcr. Befides, AD is to A C as the Sine of the 
Angle C or A E D to the Sine of the Angle C D A 
or DAE; and in like manner, the Power afting 
according to AB. is to the Power according to A E 
^s the Sine of the Angle AED to the Sine of the 
■Angle ADE or CAD. 
Cer. 2. I F two Powers 
I, S, fiiftain a Weight B, 
ly the means of Strings 
'drawing in the right 
^ines A R, A S, the Point 
A will be follicited by 
three Powers, whereof two 
3*^ according to the Di- 
reftions A Jl, A S, and tlie 
other is the Force of the 
Gravity of the Weight B, 
afting^ according to the 
righrLineAB perpendi- 
cular to the Earth ; whence the Power R will be to 
the Force of Gravity as A C to A D, or as the Sine 
of the Angle D A E to the Sine ot" the Angle D E A 
or C AEi and the Power S will be to the Force of 
Gravity as E A to AD, or the Sine of the Angle 
C A D to the Sine of the Angle D E A or C A E ; 
and the Power R will be to the Power S as the Sine 
of the Angle E A D to the Sine of the Angle CAD. 
This Theorem, with its Corollaries, is the Foun- 
dation of the New Mechanicks publifhed by M. Va- 
rig»ion\ and from it likewifc may immediately be 
dttluctd mofl: of the mechanick Theorems contained 
in the famous Book of Borelli, de Molu Animaltumt for 
by its hflp may the Force of the Miifcles be deter- 
mined. 

THEOR. 
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inclined PLau. ' 



^^H . THEOR. XXXIV. 

^^^^K 'Jf an heavy Body fi is incumbent en an inclined Pianfy 

^^^^H 1 and is fupported by a Power R, aSing according to a 

^^^^1 ' Dire£lion that is parallel to the Plane, fo that it does 

^^^^1 , .- net defcend along that Plane ; the Power R wilt be to 

^^^V ■ the Weight of the Body B as the Sine of the /hgU of 

^^^H < Inclinatisn to the Radius. 



Though the Point where the heavy Body 
fcfls againfl: the Plane, draw AC perpendicular to 
^Jie common Sedion of the Plane and the Horizon; 
from any Point of whicli 




A, let fall on the Plane 
of [he Horizon the Per- 
pendicular A D, and join 
CD; ACD will be [by 
Def. 6.EI. II.] the Angle 
of Inclination of tbe 
Plane and the Horizon, 
whofeSine is AD, CA 
being made the Radius 
Now I fay, A C is to 
A D as the Weight of 
the Body B to the Power 
R. For the Body B is 
lollicifed by three Powers afting according to diffe- 
rent Dirct^lion.';, and placed in lequHibrio; whereof 
the firfl is the Force of Gravity acSting according to 
the Direclion B E perpendicular to CD; the fccond 
is the Power R, drawing the Body according to the 
Direction B R parallel to AC; but the place of the 
third Power is fupplied by the Refinance of the 
Plane aftlng according to the Line B H perpendicu- 
lar to it; for Rc-aftion is always equal to Aiftion, 
and is made towards the contrary Part : and fince 
the Plane is preffed perpendicularly by the moveable 

Bod^i 
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Body, according lo the Direction BH, and that con- 
trary Endeavour is equivalent to the Power follid- 
ling the Body according to BH; and fince thefe 
three Powers are in ^quilibrio^ and the inoveable Bo- 
dy is fiiftained by them, if FG is drawn parallel to 
EB, meeting the right Line AG in G, the Power, 
R will be to the Force of Gravity as BG to F G,' 
[by the preceding Theor.] but by reafon the Tri- 
angle CFG is reftangiilar, and F B a Perpendicular 
to its Bafe C G, it is [by 8 El. 6.] as B G to FG, fo 
is F G to G C, and as F G to G C, fo [by 4 El. 6.] 
will be AD to AC: wherefore the Power R is to 
the Force of Gravity as AD to AC, or as the Sine 
of the Inclination of the Plane to the Radius. Any 
Power therefore may be able to fuftain a heavy Body 
on an inclined Plane, provided the Power is to the 
Weight of the heavy Body as the Sine of the Incli- 
nation of the Plane to the Radius. ^E.D. 

Cer. 1. Since the Power R hinders the Defcent 
of the heavy Body down the Plane A C, and is equi- 
valent to its Momentum, wiiereby it endeavours to 
delcend down the Plane; it follows that the Force 
of any heavy Body defcending down an inclined 
Plane, is to the Force wherewith it endeavours to 
delcend in the Perpendicular, as the Sine of Inclina- 
tion of the Plane to the Radius. 

Cer. 2. Hence there may be afligned fuch an 
Inclination of a Phne, that any, ihe fmalleft Power, 
may be able to fuifain or even raife upon that Plane 
jny Weight, how great focver. 



1 




So6 An IntroduStioH 16 




LECTURE XV. 

Pf the Defcmt of heavy Bodies m 

inclined Planes, and of the Motion 

of Pendulums. 



:oi9l 
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I A V I N G finifhed what belongs to M( 

I in general, we fhall now proceed to treat of 
J tKofc Motions ihaiarife from given Forc«j 

J in explaining of which, and reviewing chc 

phenomena thence arifing, confifts the Bufineft of the 
true Philofophy. That therefore we may begin with 
what is moft fimple, weflialtin the firft place confider 
that Force which is always dircfted toward the fame 
Part uniformly, that is, every where with the fame 
Tenouri and fuch is commonly fuppofcd the Force of 
Gravity. For though it is certain that iUnt Force of 
Gravity is not every where the fame, but at different 
Diftances from the Center of the Earth, is reciprocally 
as the Squares of fuch Diftanccs ; yet fince thcdificrcnt 
Heights to which heavy Bodies can be thrown by us, 
are very imall, in comparifon of the vaft Diftance from 
the Center of the Earth, in fo very little Difference of 
Heights, we may iafely, and without any fenCible Er- 
ror, Juppofe the Force of Gravity to be every where 
the fame. 

We ffial! therefore in this place treat of the Mo- 
tion of heavy Bodies: but we fuppofe this Motion to 
be performed, either in Planes inclining to the Hori- 
zon, or incurve Superficies, fuch as are fpherical and 
cycloidal ones; or laftly, in free and unrefiliing Spa- 
ces : concerning all which, wc Ihall give the fol' 
ing Theorems. 



e the fol^^H 
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THEOR. XXXV. 
The Defcent of a heavy Body upon my inclined P/ani^ 
is a Motion equabfy accelerated. And tbeVeloctty thai 
a heavy Body falling from Refi along an inclined PlaHe, 
acquires in any given Time, is to the Velocity acquired 
in the fame Time, by aheqvy Body falling perpendicu- 
larity as the Height of ibe Plane to its Length. 

L E T A B be the inclined Plane on which the heavy 
BodyD defcends. [By Corol. i. Thcor. 34.] the 
Force wherewith a heavy Body endeavours to dc- 



1 




Jcend on an inclined Plane, is to the abfoluce Force 
of Gravity, namely that whereby it would dcfcend 
in the Perpendicuiar, in a conftant Ratio, which is 
that of the Sine of the Inclination of the Plane to the 
Radius, or as the Height ofthe Plane to Its Length ; 
and therefore fince the abfolute Force of Gravity of the 
Body D remains the fame, the Force likewife where- 
with it endeavours to defcend on the Plane AB, will 
remain the fame. That Force therefore will always 
aft on the heavy Body D in the f-ime Tenour ; fo 
•that being applied in the fame manner, it will, by the 
ficond Law, always add equal Increments of Veloci- 
2 tiee. 




20 8 An IntroduSiion to 

ties, not othcrwife than is done In heavy Bodies fal- 
ling perpendicularly. The Defcent therefore of hea- 
vy Bodies on an inclined Plane, is a Motion uniformly 
\ accelerated. ^ E. D. 

Moreover, the Increments of the Velocities of 
L heavy Bodies falling in the Perpendicular, and on an 
f inclined Plane, which arc produced in the lame inde- 
I finitely fmall Time, are to one another as the Forces 
I wherewith they are produced : but the Forces are 
t in a conftant Ratio, namely, as the Length of the 
'flaneABto its Height AC; wherefore the Incre- 
[ Bients of the Velocities thence arifing, will be in the 
I fame Ratio. And confequentld, [by i2£/. 5.] the 
I Sum of the Increments of one, will be to the Sum of 
[ the Increments of the other, in the lame Ratio, thai 
, the Velocity of the heavy Body falling perpendi- 
L cularly, is to the Velocity of a heavy Body defcend- 
ing in the mean time on an inclined Plane, as the 
Length of the Plane to its Height. ^ E. D. 

Cor. I. Th E Velocities ofa heavy Body falling on 
an inclined Plane, are as the Times wherein they arc 
f acquired, 

L Cor, 2. "Whatever therefore we have demonftra- 
litfd in Theor, 12. and its Corol. concerning Motion 
b uniformly accelerated, the (iime will hold true in the 
fDclcent of heavy Bodies on inclined Planes; name- 
ly, the Space paffed over in a given Time by a 
heavy Body falling on an inclined Plane, computing 
from the beginning of Motion, will be the half of 
that, which in the fame Time mjy be palTcd over by 
a Body moving uniformly, wirh the Velocity ac- 
quired at the laft. Alfo the Spaces paffed over, 
computing from the beginning ot the Motion, are in 
a duplicate Ratio of the Tmies or Celerities ; and 
the Celerities and Times are in a fubduplicaic Ratio 
of the Spaces pafled over. 
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Cur. 3. HEtfCEalfo the'Afcentofa heavy Body a!org 
any inclined Plane, is a Motion unifoimly nt-sidcf', 
as it is in the Afcent of a Body in the Perpendicular, 
and it has juft the iame Properdes, 

SCHOLIUM. 

If wc have recourfe to Experiments, we flial! fii d 
al] things anfwer to our Kealbnings ; and in PIar,es 
that are not too much inclined, it will be caly to 
make an Experiment, fince Motions that are not 
Very fwift may be exaffly meafured: But it is tlie 
contrary in the perpendicular Defcent, where the 
Swifcnefs of the Motion gives not time to make ac- 
curate Obfervations. 

We here fuppofe the Planes to be exaftly fmooth, 
and the Motion on them to be hindered by no Rug- 
gcdnefs or Unevennefs. 

P R O B L. V. 
An inclined Plane being ^iven, to ajfign ihs Part efit 

which a heavy Body willpafs overy in the 'Time wbilft 

another heavy Body Jhall have fallen through a given 

Space in the Perpendicular. 

Let a B be the inclined Plane on which the 
heavy Body defccnds from A ; the Length is to be 




afiicrned in 



An IntroduBion tQ 



t< 

L 



afiigned in It, which will be palTed over by the heavy 
Body ("a'ling along the inclined Plane: whilfl: in the 
mean wliile another heavy Body falling perpendicu- 
larly, fhai! have run over the Space AC. From the 
Point C let I'Al the Perpendicular CD on A B meet- 
ing the Piaiie in D ; then A D will be the Space paDed 
aver along the inclined Plarc, in the Time wherein the 
heavy Body talis in the Perpendicular from A CoC. 
For if A D is not, lee A F be the Space defcribed in 
the fame Time that the heavy Body falls from A to C, 
which let be greater or leis than A D. Draw the hori- 
zontal right Line C B. And becaufe by Theor. 12. in 
the Time that iJic heavy Body falls from A to C, or 
from A to E, it may rim over twice the Length of 
AC,, with an uniform Velocity, and equal to that 
which it acquires from falling to C, [as by the Cor. 
of the preceding Theor.] in the fame Time a Length 
double of A F may be run over, with the Velocity 
that is acquired inE; the Velocity in C, by Theor, 
6. will be to the Velocity acquired in E as twice 
A C to tv.'ics A E, or as AC to A E. But fincc 
A C, A E, are riui over in the fame Time, the Velo- 
city in C [by the preceding Theor,] will be to the 
Velocity in E as A B to A C : wherefore A B will be 
toACasACro AE; but [by 8 £/. 6.} as AB to 
AC, fois AC to AD: wherefore A C will be to 
A K as A C to A D ; and confequendy, A E will be 
equal to A D, a kls to a greater, which cannot be. 
Therefore no other Space belides A D cati be paflcd 
over by a heavy Body falling along the Plane A" 
whillt inthe mean time a heavy Body falls from' 
to C. Whichwas tobefhewn. ■ 

Cor. I . H E N c £ may be found the Space throuL 
which a heavy Body fails in the Perpendicular, whilfl 
another heavy Body on an inclined Plane runs through 
any given Length AB: namely, if from the Point 
B to the right Une A B there be credcd a Perpen- 
dicular 
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ditukr B C, meeting the Perpendiculaf in C, then 
A C will be the Space fought. 

Cat. 2. If there are two or more inclined Planes 
-AB, AE ; and there is given the Space AD in the 
Ranc A B, paffcd over by a heavy Body in any Time > 

A 




tht Space that will be run through in the fame 
Time bf a heavy Body on the £l»s AE^ will be 

P 2 found' 
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found by ercfting from the Point D the Perpendicular 
D G, meeting wi;h the Perpendicular in G: and by let- 
ting fall from G on A E the Perpendicular G H, 
meeting the Plane A E in H ; then A H will be the 
Space fought : for both the Spaces A D, A H, will 
bL- pafled over in the Time that the heavy Body de- 
fcends in the Perpendicular from A to G. 

Ccr, 3. From the Demonftration of this Theorem 
it is manifeft, that the Velocities acquired in the fame 
Time by heavy Bodies falling in the Perpendicular and 
on inchntd Pianes, are as the Spaces paffed over by 
thofe Bodies. ^H 

THEOR. XXXVI. ^1 

The Time wherein the inclined Plane A B w pfjfed every 
is to the Time therein the Perpendicular A C is run 
through, as Ahibe Length of the Plane, to AC iht 
Length of the Perpendicular. 

From C to A B let fall the Perpendicular CD; 
and the Time wherein A D is pafled over, will be 




equal to the Time wherein A C is pafled over, 
the Time wherein A B is pafled over, is to ^ 
Time wherein A C is pafled over, in a fubduplicate 

Ratio 
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Ratio of ABto A D, [by Corol. 2. Theor. 35,] that 
is, by reafon A B, AC, AD, are continual Propor- 
tionals, the Time wiicrein A B is pafTed over, is 10 
the Time wherein A D or A C is puffed over, as A B 

to AC. ^E.n. 

Cor, Hence the Time wherein difFtrent Planes, 
AB, A D, B K, whofe Height is the fame, are pafTed 
over, are as the Lengths of the Planes: tor the 
Time in A B is to the Time in A C, as A B to A C i 




and the Time in AC to the Time in A D, as AC 
to AD: wherefore by Equality the Time in A B 
will be to the Time in A D, as A B to A D. 

THEOR. XXXVII. 

The Cekrilies of heavy Bodies, on any inclined Plane, 
and in the Perpendicular^ are equal, where the heavy 
Bodies Jhall defcesd from the fame Height to the fame 
Horizontal right Line. See Fig. Theor. 36, 

Let the inclined Plane be AB, and the Perpendi- 
cular A C. Draw the Horizonral right Line BC. 
I fay, the Celerity acquired in the Point B, after the 
Defcent through A B, will bv- equal to the Celerity 
acquired in the Point C, after the Fall through A C. 
From the Point C let fall the Perpcndicujar C D on 
P 3 A" 
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A B. Then A D will be the Space that is nin over 
by the heavy Body falling in the Plane A B, in the 
Time that another heavy Body defcends in the Per- 
pendicular through AC: and [by Cor, 3. Probl. 5.] 
the Celerity in C is to the Celerity in D as AC to 
A D, or as A B to A C. But becaiife the Celerities 
acquired in falling along the fame Plane are in a fiib- 
duplicate Ratio of the Lengths run over by the heavy 
Body, the Celerity in B will be to the Celerity in D, 
in afubdiipljcate Ratio of the Length A B to the 
Length ADi that is, by reafon A B, AC, AD, 
are condnual Proportionals, as A B to AC: but it 
has been Ihewn, that the Celerity in C is to the Ce- 
lerity in D, alfoas AB toAC; wherefore fince the 
Celerities in B and C have the fame proportion to the 
Celerity in D, they will be equal. ^ E. D. See Fig. 
Cor. of the preceding Iheor. 

Cor. H E N c E the Celerities, which are acquired 
by heavy Bodies falling from the fame H<:ight to the 
fame Horizontal right Line, on Planes inclined after 
any manner, are equal amongft thcmftlves i for both 
(he Celerities, namely, that which is acquired b the 
Point B, after the Defcent through A B or BKj 
and that which is acquired in the Point D, after the 
Defcent through ADj is equal to the Celerity ac- 
quired in the Defcent of the heavy Body from A 
toC. ~ 






THEOR. XXXVm. 

If from the fame Height a moveable Body defcends 
an uninlerrwpted Motion through any Number efconti- 
giious Vtanes A B, B C, C D, it ivill always at the 
eondufion acquire the fame Velocity; namely, that which 
is equal to what is acquired by falling perpendicularly 
from the like Height. 
Through A and D draw the Horizontal right 

Lines HE. DF, and produce the Planes BC, CD. 
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that they may meet with HE in the Poinis G and 
E. [By Corol, Theor. 37.] the fame Celerity is ac- 
quired in the Point B, by defcending tluough A B, 
as if the heavy Body had defccnded throtigli BG: 
but we fuppofe the Flexure at the Point B, not to 
hinder the Motion of the heavy Body, but only 
to change its Direftionj fo that in the Point C 
the fame Velocity will be acquired by defcending 
through A B, B C, as if it had dcfcended through 
GC. But by defcending through G C, the fame 
Celerity is acquired, as the heavy Body would have 
gotten by fulling through ECj fo that fince the 
Flexure at C is not fuppofed to diminilh the Ve- 
Jocity of the heavy Body, it will have the fame Ve- 
locity in D, as if it had dclcended through the 
Plane ED, or the Perpendicular E F. ^ £. D. 

Cor. I. H E \ c E it appears, that a moveable Body 

defcending through the Circumference of a Circk-, 

or through any Curves, (for we may here confider 

I Curves as compounded of infinite right Linesi air 

L ways acquires the fame Velocity, as if a heavy Body 

defcended direftly in the" Perpendicular from the 

s Freight. 

P 4 Csr^ 
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Cor. 2, But if a heavy Body, after its Defcent 
through A B, B C, CD, or through HD, fiiould 
turn its Motion upwards; it would aicend to the 
fame Height from whence it fell, through any in- 
clined Planes; for fince Gravity always a£i:s with the 
fame force in the fame Plane, whether the Body 
afcends or defcends, its Efficacy will be the lame to 
diminilh the Velocity in the Body in its Alcent, as 
to increafe it in Its Defcent ■, therefore the Decre- 
ment of the Velocity in the Point C, whilft the 
moveable Body afcended from D to C, is as great, as 
was the Increment of the Velocity acquired in the 
Dufcent trom C to D : and confequently the Velo- 
city in C will be the fame after the Afcent through 
CD, as it was before in the fame Point, after the 
Defcent through AB, BC. In like manner, the Ve- 
locity in B after the Afcent through CB is the fame 
with the Velocity acquired in the Defcent through 
AB or BG. So alfo Gravity will take as much from 
the Velocity of the Body in afcending through BA, 
as was acquired in the Defcent through AB ; and in 
the Ptiints that are of an equal Height, the Velocity 
of the Body will be always the fame, but the Velo- 
city in the beginning of the Defcent, namely, in the 
Point A, was nothing: fo that by afcending, at that 
Point A all the Velocity is taken away; which Point 
therefore will be the Boundary to which the move- 
able Body by afcending will arrive. 

Car. 3, If a moveable Body delcends through any 
Superficies AB to its loweft Point B, and afierwari 
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afcends by the Velocity acquired in the Fall, through 
the fimilar and equal Superficies BC; it will afcend 
and defcend in equal Times through equal Spaces. 

T H E O R. XXXIX. 

If fromthe bigbeji Point A, or loweft B, cf a Circle per- 
pendicular to the Horizon, be drawn any two inclined 
Planes AC, BC, to the Circumference -, the Times of 
the Befcents throughihofe Planes, willbe equal to the 
Time wherein a heavy Body falls perpendicularly 
through the Diameter. 

Le T a heavy Body fall from A to C, on the Plane 
AC} I fay, the Time of Defcent through A C is 
equal to the Time of Defcent through the Diame- 
ter AB. For the Angle ACB in the Semicircle is 
3 right one, [by 31 El. 3.] whence fince from the 



I 




f Point C to A C is crefted the Perpendicular C B, 
1 meeting the Perpendicular in B; the Time of Dc- 
[ fccnt through AC in the inclined Plane will be [by 

Corol. 
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Corol. I. Probl. 5.] equal to the Time of the Fall 
through AB in the Perpendicular. I fay a!fo, tiie 
Time of Defccnt through C B will be equal to the 
fame Time through A B. Draw C D parallel to A B, 
and DB to AC, and [by 34 EL 1.] CD will bee 
qua! to AB: and by reafon of the Angle A CB be- 
ing right in the Semicircle, the Angle C B D will be 
a right one. Wlierefore fince from the Point B, 
upon C B, is ered:ed at right Angles B D meeting 
with the Perpendicular in D ; the Time of Defcenl 
through CB will be [by Corol. Probl. 5.] equal to 
the Time of Defcent through C D ; but CD is equal 
to AB, whence the Time of Defcent through CB 
will be equal to the Time of Defcent through A B. 

The fame thing may be otherwife (hewn thus. 
The Time of Delccnt through A B is to die Time 
through E B, in 3 fiibduplicate Rado of A B to E B, 
that is, (by reafon A B, B C, E B, are continual Pro- 
portionals) as A B to B C, or B C to B E -, but [by 
Theor. 36.] the Time of Defcent through BC isto 
the Time through E B in the fame Ratio of B C tq 
EB: wherefore fince the Times of Defcent through 
A B and B C have the fame Ratio to the Time of 
I)efcent through E B, they will be equal. ^ E.D. 

Cor. I . I r the Perpendicular A B i? drawn, and 
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upon the Diameter A B is defcribed a Circle, all the 
Planes drawn from the Point B, or from the Point A 
to the Circumference of the Circle, wiJl be run over 
in the fame Time: namely, the Planes A B, CB, 
i) B, E B, FB, GB, will be paffed over in the fame 
Time. 

Cor. 2. If in the highcft Point A, any number of. 
Circles, A B D, A G K, touch each ocher ; and any 
number of Planes proceed from A, as A B, A C, A D, 




AE, intcrfeiaing the Circles: the Parts G E, H B, 
XC, KD, will be paffed over in an equal Time, if 
the Motion is begun at tiie higheft Point A, 
T H E O R. XL. 

I F two heavy Bodies defcend in txvo or more Planes, In- 
dinedalike, attdproporiierial; ihe Times /pent in run- 
ning through them, •^iill be in afubdupUiale Ratio of 
the Lengths of the Planes. 

Let any heavy Body run through the Planes 
AB, BC, but another hravy Body run through the 
Planes DE, E F, inclined alike to the Horizon, and 
proportional j that is, that the Angles B A G, E D H,^ 
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areequal. as are alfo EGA, EHD; and A B is to 
B C as D E to EF. I fay, the Time wherein A B, 
B C, arc palTL^d over, to the Time wherein D E, 
EFarepaiTed over, has a fubduplicate Ratio of the 
Planes A B, B C, to the Planes D E, E F. By reafon 
the Triangles A BG, D E H, arc cqui-angular, AB 
is to D E as BG to EHi but, by Hypothefis, as 
A B to D E fo is B C to E F, wherefore as B G to 
E H fo is B C to E F; and fo is [by 12 El. 5] G C 
to HE. But becaufe A B, D E, are inclined alike. 
they will be palTed over juft after the fame manner, 
as if they were Parts of the fame Plane : fo that the 
Time of Dcfcent tlirough A B will be to the Time 
of Defctnt through D E, in a fubduplicate Ratio of 
AB to DEj and the Time of Defcent through 
GCisto the Time of Defcent through H F, in a 
fubduplicate Ratio of G C to HE, or in a fubdupli- 
cate Ratio of AB to D E, But the Time of De- 
fcent through GB is to the Timeof Defct;nt throu^ 
HE, in a fubduplicate Ratio of G B Co H E, or A B 
to D E; fo that [by 19 EL 5.] the Time of Defcent 
through B C, after the Defcent from G or A, is to 
the Time of Defcent through EF after the Defcent 
from H or D, in a fubduplicate R;icio of A B to 
DE; that is, as the Time of Defcent through AB 
to the Time of Defcent through D E. So that [by 
12 El. 5.] the Time of Dtfcent through A B, BC^ 
will be to the Time of Defcent through DE, EF, 
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as the Time of Defcent through A B, to the Time of 
Defcent through D E, or in a fiibduplicate Ratio of 
AB toDE: but by reafon AB is to DEasBCto 
E F, A B will be to D E as A B, B C to D E, 
EF. So that the Time of Defcent through AB, 
BC, will be to the Time of Defcent through DE, 
EF, in a fubdiiplicate Ratio of AB, BC, to D E, 
EF. ^E.D. The fame thing, in like manner, 
might be Qiewn, if there were more Planes on both 
Parts inclined and proportional ; whence the Propo- 
fiiion is manifeft. 

Ccr. If there are two curve Superficies A B, D E, 
fimilar and fimiiarly pofited, thefe very little differ 
jrom an infinite Number of Planes, infinitely fmall, 
D 
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and proportional, and inclined alike to one another; 
fo that the Time of Defcent through the Superficies 
AB, will be to the Time of Defcent tlirough the 
Superficies DE in a fubduphcate Ratio of AB to 
DE. 

PROBL. VI. 

The Space AB being given in any inclined Plane, and 
•which ispajfedover in a given Time iy a heavy Body 
falling from reji ; to find a Space in another contiguous 
Plane B G, that -will he faffed over in an equal Time, 
^ the heavy Body continuing its Motion along thisfe- 
fond Plane. 

Through-^ 
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Through A draw the Horizontal right ] 

AE, and produce BG to Ei make BD equal*, 
A B, and take E C a third proporcional to the rigirt 
Unes E B, E D. Then B C will be die Space in the 





fccond Plane that is paffed over by the heavy Body 

continuing its Motion, in a Time equal to that, 

wherein it paffed over A B in the firft Plane. For 

let A B or B D exprefs the Time of Defcent through 

A B, whence [by Corol. Theor. 36.] E B wili exprefe 

I the Time of Defcent through EB. But the Time 

r<>f Defcent through E B is to the Time of Defcent 

[- through E C, in a fubduplicate Ratio of E B to E Q 

tiiat is, as E B to E D ; but E B is the Space that is 

\ paficd over in the Time as E B ■, fo that E C will be 

the Space that is paffed over in the Time as E D* 

and confequenily B C is the Space that is pafled over 

hi the Time as D B or A B, after the Fall from E or 

A. Which was to be found out, 

PROBL. VII. 
The Space A B being given in an inclined Plane^ wineh 
is pajjed over in a given Time byaheievy Bodj falUng 
from rejl ; as alfo the Space B C in another condgueus 
Plants wherein the heavy Body continues its Motion: 
iofindtbe Time wherein that given Spatt B C wiU he 
faffed ever. 

Through 
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Through A draw the Horizontal Line AE, 
■which (let B C meet produced in E : betwixt E B, 
E C, let E D be a mean Proportional. And if A B 
reprefcnts the Time wherein AB is paffed over, 

A. 




BD -mil reprefent the Time fought, wherein BC 
will be paffed over. For the Time of Defcent 
through AB is to the Time of Defcent through 
EB, as AB to EBi fo that EB will exprcfs the 
Time wherein the heavy Body will fall through E B : 
but the Time of Defcent through E B is to the Time 
cf Defcent through E C, in a fubduplicate llatio of 
E B to E C i or, by reafon E B, ED, EC, ar.- con- 
tinual Proportionals, as EB to ED: but E B is as 
the Time of Defcent through E B, whence D B will 
be as the Time of Defcent through B C, And con- 
fcquently the Time of Defcent through A B, will be 
to the Time of Defcent through B C, as A B to 
B D. ^E. I. 

Cor. Hence if a heavy Body is carried fuccefllve- 
Jy through many inclined Planes A B, B C, C D, the 
Time may be affigned, wherein ic will be moving 
through each of chem ; for produce E C, C D, that 
they may meet with the Horizontal right Line drawn 
through A, in the Points E and F, and let E G be 
a mean Proportional betwixt EBandECj asFH 

betwixt"^ 
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betwixt FC and FD: And if AB expreffcs the 
Time of Defcent through A B, B G will exprefs the 
Time of Defcent through BC, and CH wiJl exprefi 
the Time of Defcent through C D. 

Def. If any heavy Body A, is hung by a fine 
String moveable about a Center B ; the heavy 
Body, together with the String, is called a Pen- 
dulum. Now if the Pendulum is fwung about B, 




fo that the heavy Body may defcribe the Arch 

CAD, the fame Morion will happen to this heavy 

Body, as would to any Body defcending by its Gra- 

I vity 
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VJty along the fpherical Superficies CAD, if that 
Superficies was perfeiftly hard and fmocth. For we 
fuppofe the Motion about the Point B to be intirdy 
free, and we abftraift from the Confideration of the 
Air's Refiltance, which in heavy PendnKims is very 
inconfiderable : if the Pentkilum is carried to the 
Situation BC, and let fiill from thence, the heavy 
Body in defcending will dclcribe the Arch CA, and 
in the Point A it will have tJiat Velocity which is / 
acquired by falling through C A : with which Ve!o- j 
J city it will endeavour to go out by the Tangent in 
y the Point A, [by the firft Law.] Bat fince it is by 
\ the String A B kept in ihe Circumference CAD, it 
will afcend through the Arch A D to the faine 
Height, namely, to D, with that from whence it 
fell, [by Corol. Theor. 37.] where having loll: all its 
^ Velocity, it will again begin to defcend by its own 
Gravity; and in the Point A ic will acquire the for- 
mer Velocity, wherewith it will afcend to C: and 
^-.fo by afcending and defcending, it will perform 
coatiniial Vibr^irtons in the Circumference CAD, 
And if the Motions of Pendulums met with no Re- 
fiftance from the Air, and if there was no Friction at 
the Center of Rotiition B, the Vibrations of Pendu- 
Jiims would never ceafe ; but from thefe Caufes, the 
Velocity of t[ie Pendulum in the Point A is a little, 
tho' very infcnfibly diminiflied in every Vibration j 
whence it falls otic, that the Bali of the Pendulum 
does not return precifely to the fame Point, but the 
If Arches which it defcribcs conflantly become fhorter, 
till at length they grow infenfiblc. 

THEOR. XU. 
The fmall Vibratism of the fame Penduhm, tho* they 
JbouU be unequal, are aimsft and to Scnfe performed is 
/be fame Time. 

Le t a B be a Pendulum, which by Vibrating de- 
fcribcs the unequal Arches C B D, F B G j I fav. the 
Q. Tim:! 
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Times taken up in dcfcribing them are nearly equal : 
or tiie Vibration in the Arcii CBD will be nearly 
performed in a Time equal to that, wherein the Vi- 
bration in the Arch F B G will be performed, if the 



A. 




Arches CB, FB, are not too large. Draw theSub- 
tenfes C B, F B, D B, G B, and becaufc the Arches 
are fuppofcd very irnall, they differ not much either 
in Length or Declivity from their Siibtenfes or 
Chords: and confequently the heavy Body takes up 
equal Times, whether it is carried along the Arches 
CB, F B, or the Subtenfes of thofe Arches; but 
the Times of Deicent through the Siibtenfes ot 
Arches are equal, [by Theor. 37.] wherefore the 
Times of Defcent through the Arches C B, FB, will 
be nearly equal 1 and therefore the Doubles of thcfc 
Times, namely, wherein the unequal Arches CBD, 
F B G, are defcribed by vibrating, wiil be alfo equal. 
Wherefore the Vibrations of the fame Pendulum, 
though running out into unequal Arches, arc to Senfc 
at leafl: of equai Duration. ^ E. D. 

Experience agrees with this Theorem; for 
two Pendulums of equal Lengths being put in mo- 
tion, aad wherec^ one defcribes much greater Arches 
•- 1 duo 
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than the other, they will nearly obferve equal Times 
in their Vibrations j lb that in a hundred Vibrations 
there will Icat'ce be tiie Difference in Time of one 
Vibration. 

THEOR. XLIL 
Th e Duraiioss of the Vibralions of two Pendulums^, de^ 

fcribivg fmitar /Irches, are in a fubdupUcate Ratio of 

the Lengths of the Pendulums. 

Let there be two Pendulums A B, CD, vibra- 
ting in fimilar Arches EBF, GDH; the Time of 
a Vibration of the Pendulum AB will be to the 






Time of a Vibration of the Pendulum Ct), in a (ub- 
I duplicate Ratio of the Length AB to the Length 

CD. For becaufc the Arches EB, GD, are fimilar, 

and pofited ahke, ihe Time of Defcent (iiroiigh EB 
I vill be [by Theor. 39.] to the Time of Dcfccnc 
I through GD, in a fubduplicate Ratio of EB to 

G D ; but the Time of Dcfcent through E B is half 
I a whole Vibration in the Arch EBF, as the Time 
I of Defcent through GD is half a Vibration in the 
I Arch GDHi fo that the Time of Vibration ofrhe 
0^3 ?tn^ 
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Pendulum in the Arch EBF will be to the Time of 
Vibration of tlie Pen<hiliini in the Arch G DH, in 
a fubtliiplicatc Ratio of E B to G D ; that is, by rea- 
fon the Archci HB, GD, arefimilar, in a iubdupli- 
cate Ratio of the Semidiameier A B to the Semi- 
diameter C D, or in a fubduplicate Ratio of the 
Length of the Pendulum AB to the Length of the 
Pendulum C D. ^ E. D. 

Ccr. The Lengths of Pendulums are in a duplictac 
Ratio of the Times wherein the Vibrations are per- 
formed. 

Since the Durations of the Vibrations are reci- 
procally as the Number of Vibrations performed in 
the fame Time, there may be eafily found from a 
given Number of Vibrations that are performed by 
a Pendulum A B of a known Length in a given Time, 
the Number of Vibrations tliat are performed in the 
fame Time by any other Pendulum C D of a known 
Length; by taking a Number that is to the Number 
of Vibrations of tiie Pendulum A B, in a fubduplicate 
Ratio of A B to C D, or as A B to a mean Propor- 
tional betwixt AB and CD; or as the fquare Root 
of a Number whereby is exprefled the Length of the 
Pendulum A B, to the fquare Root of die Number 
whereby is exprcired the Length of the Pendulum 
C D. And alternately from the given Number of 
Vibrations that are performed in the fame Time by 
two Pendulums AB, CD, and the I-ength of one, 
namely, AB being given; there will be givenihe 
Length of die other C D, viz. by making the Square 
of the Number of Vibrations of the Pendulum CD 
to the Square of the Number of Vibrations of the 
Pendulum A B, fo the Length of A B to C Dj 
Length fought. 

THE OR. XLIir. 
The Velocity of a Pendulum, inttsloweji Peintti 

the Sttbicnfe of the Arcb which it has defcribedin iU 
^ Defcsnt. Let 
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Let AB be a Pendulum, which by its Motion 
defcribes the Circle BDCG; I lay, tlic Velocity 
acquired by falling from D to B, is to the Velocity 
acquired in B by falling from C to B, as the Chord 
of the Arch BD, to the Chord of the Arch B C. 
Through the Points D, C» draw the Horizontal right 




Lines DE, CF i and the Velocity the hca*^ Bcdy 
acquires by defcending through E B will be- to the 
Velocity it will acquire in its Defcent through G B, 
in a fubdiipiicate Ratio of E B to.GB, that is, by 
reafon E B, D B, G B, are continual Proportionals, 
as D B to G B. By the fame reafon, the Velocity 
acquired by the moveable Body, in falling through , 
G B, is to the Velocity acquired in the Fall through 
FB, as GB to CB. Wherefore by Equality, the 
Velocity acquired, in the Defcent of the heavy 
Body through EB, will be to the Velocity acquirei^ 
0.3 ■" 
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in the Defcent through F B, as D B to C B; but the 
Velocity acquired in the Defcent through the Arch 
D B, is the fame with the Velocity acquired in the 
Perpendicular through EB ; and the Velocity ac- 
quired in the Defcent through the Arch CB, is the 
iame with the Velocity acquired by the Defcent in the 
Perpendicular through F B. Wherefore the Velocity 
acquired in the Defcent through the Arch DB, will 
be to the Velocity acquired in the Defcent through 
the Arch CB, as the Subtepfe DB to the Subtenfe 
CB. ^E.B. 

Cor. 1. Let G B be a Perpendicular of any Length, 
and let the Velocity acquired by the Defcent of a 
heavy B^dy from G to B, be exprefled by G B ; 
upon which, as a Diameter, let be defcribcd a Semi- 
circle GDCB, and from any Point of the Diamciec 
L let be created the Normal ED, meeting the Cir- 
cumference in D, and let be drawn the Chord C 



IF 

I this will 




this will bs as the Velocity acquired by the heavji 
Body in falling from the Height GE: for by reafon 
BG, Gp, GE, are continual Proportionals, the 
Ratio of BG to GD, will befubduplicatcof the Ra: 
rio of BG to GE, fo that BG will be to G D, as 
the Velocity acquired by falling from the Height 
G B, to the Velocity acquired by falling through 
GE. In like manner, the Velocity acquired by tal- 

iing 
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ling through G B, is to the Velocity acquired by the 
Fall through G F, as G B to G C: fo that the Velo- 
<ddcs acquired by heavy Bodies, in falling through 
the Heights G E, G F, are as the Chords G D, G C. 
Car. 2. If the Arches B i,B?., B^, I3c. are taken 
in fuch a manner, that their Subteiiles areas 1,2, 3, 
ISc. relpeftively } and a certain force aifting on it, 
fhould compel the PenduKim to move upwards 
through the Arch B i, but another Force make it 
move through the Arch B 2, and another through • 
the Arch Bj) the Velocities of the Pendulum put m 
motion by thefe Forces, will be in the point B, re- 
ipedively as j, 2, 3. 

By the help of this Theorem, various Velocities 
in any given Ratio may be communicated to a move- 
able Body J and other Velocities acquired by the 
Percuflion of another Body, may be compared a- 
mongft themfelves, and with others that were given 
,9t the beginning. 

Le T AB C be aTriangle made of VVood, wherein 
near the Angle A let be taken two Points D, E, 
' whofeDiftance let be fuch, that the two Pendulums 
P F, EG, hanging freely from thence, may touch 
each other ; and with tlie Centers D, E, and Inter- 
val D F, or E G, Jet be dcfcribed the Arches of Cir- 
cles FK,GH, in which let be taken the Portions 
Fi, G I, F^, G 2,F3,G3, F4, G4, ^c. in fuch a 
manner, that their Subcenies may be as r, 2, 3, 4, iSc. 
reipeftively ; and if the heavy Body F be railed up 
to the Point 5 in the Arch K F, but G to the Point 
3 in the Arch G H, and arc both let down at once, 
Iby Theor. 41.] they will arrive in the fame Time at 
the lowcil Points, and the Velocities wherewith they . 
will ftrike one another, will be as 5 and 3 ; but if ■ 
after the Stroke the moveable Body G afcends to j 1 
in the Arch G H, and the moveable Body F afcend ' 
. to 3 in the Arch F K, the Velocities of the move- 
Q.4 ah(; 
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able Bodies F and G will be refpeftively as 3 and ^^ 
and towards the contrary Parts. After this manner 
it will be eafy to try by Experiments the Rules of 
Motion as well in hard as elaftick Bodies, which we ' 
have demonftrated in the 13th and 14th Leftiires. 

Since the very fmall Vibrations of thefe Pendu- 
lums are nearly of equal Duration, altho* the Arches 
they defcribc are unequal ; hence the great Monf. /%- 
^ens has Ihewn the vaft Ufe of Pendulums to regulate 
the Motions of Clocks. For although Gallileoj the Au- 
thor of this Science, firft made ufe of Pendulums in 
Aftronomical and Philofophical Obfervations, which 
require an accurate Meafure of Time; yet Huygens 
firft adapted Pendulums to Clocks, and proved by 
Experience that fuch Clocks were far more correft 
than the former, which were regulated by Horizon- 
tal Bajlances. From that titm thefe Pendulum 
'''* Clocks 
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CJocks have been in common ufe, wliereof fome have 
been fo elaborately made, thac tliey give the Mea- 
fure of Time much more corrcift than the Sun, 
which fliews only the apparent or relative Time, but 
not the true and abfolute; whence it happens, that 
Pendulum Cioclcs Ihew at Times the Hour di&crent 
trom the apparent one, and fometimes exceeding the 
Timefhewn byaSun-Dtal by fifteen or fixceen IVIi- 
nutes, and fometimes falling as much fliort of it in 
Time: nor does the Sun and Pendulum Clocli (hew 
the fame Point of Time, except four times a year. 
Al though the Vibrations of the fame Pendu- 
i-Jum (notwichftanding it defcribes unequal Arches) 
are nearly and to Senfeof equal Duration; yet fince 
they are not altogether and geometrically fuch, but 
the greater are a (bmewhat longer time in defcribiag 
than the lels, and the Vibrations differ from each 
other a fmall Quantity in Time; from many ofthele 
yery fmali Differences at length there do arife a fufR- 
cicnt large Difference, and this is found to be fo by 
Experience: For if, as it fometimes happens in cold 
Weather, the Wheels are clogged, fo that they com- 
municate a lefs Force to the Pendulum, the Vibra- 
tions become lefs, and tiie Time fliewn by the 
Clock is too fafl; if the Wheels ai^e too glJbe, and 
force the Pendulum to defcribe larger Arches, then 
the Times are pointed out too ilowly. And from fome 
late Experiments mentioned in the Philcfipbical 'Tranf- 
aiiioiis, it appears that the Pendulum of a Clock 
placed in vacuo, the Refiflrance of the Air being thus 
removed, performed its Vibrations in larger Arches, 
and took up more Time in each Vibration. Where- 
fore that the Vibrations of a Pendulum might be re- 
duced to an exaifl Equality, and that its Kcciproca- 
tions, whether performed in greater or lefs Arches, 
might be made in equal Times 1 Monf. Huygem found 
cut a Method, whereby the Bali of a Pendulum 11147 

bi? 
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be always carried along the Arch of a Cycloid. Wi;,' 
(hall now demonftrate in the loilowing Thorcms, 
that the Xinies of Defcent through any Arches w 
the fame Cycloid to its loweft Point, which is fup- 
pofed to be its Vertex, are equal to one another^ 
Jo that if tlje Bali of a Pendulum is always moved in 
the Arch of a Cycloid, the Times of its Vibrations 
will be exactly equal amongft themfeives, whether 
jhe Pendulym defcribes greater or lefs Arches, 

THEOR. XLIV. 
\ ? with the Center C, and any Interval C A, there is dt- 
fcrsbed the §luadrant of a Circle AHB, aid in the 
right Line AC a moveable Body defcends -with ibit 
Law, that its Velocity in any Point VJhall be always as 
P L, the Sine of the Arch A L •, the Time wherein the 
Body defcends from A to C, will be equal to the 3lme 
wherein it might run through the Grcumference 
AHB, with a uniform Velocity as C B, iibicb is ac' 
quired at the hfi by the falling Body. Be/tdes, the 
Time of the Fall through any Space A F, will be to the 
Time of the Fall through the Space A p, as the /Ircb 
A H /o the Arch A / \ and the Force wherewith the 
Bedy is accelerated in ar^ Place F, will he as F C, the 
Pfjiance of that Place from the Center. 

Let the Circumference A B be diftinguiflicd into 
mumerable infinite fmall Parts L, L, L, L, and Jet be 
" drawn FH, PL. P/, perpendicular to AC; join 
HC, and Jet H K be perpendicular to P L. Becaufe 
the Triangles F H C, K H L, are equi-angu!ar, (for 
befides the Angles at F and K being right ones, the 
Angle FHC is equal to the Angle K H L, the 
AngleKHC being the Complement of both to a 
right Angle) FH will be to H C as KH orFPto 
HL: but [by Hypothefis] FH is as the Velocity of 
, the moveable Body in the Point F, namely, where- 
^^ with 
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fvilh the infinitely fmaU Line FP is run over, an4 
CH orCB is as che Velocity which is at laft ac- 
quired in falling, when the Body ihall have come to 
f, fq that it will be as the Velocity wherewith fJu 
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Arch HL will be dcfcribed. The Velocity there- 
fore of the Body defccnding through the infinitely 
fmall Line F P, will be to the Velocity of the Body 
that is moved through i he Arch HL, as FP to the 
Arch H L, Wherefore fince the Velocities are pro- 
portionable to the Spaces pafied over, the Times 
wherein chofe Spaces arc palled over will be equal. 
After the fame manner it may be demonfl:rated, that 
any other Particle LL of the Circumference may be 
delcribed with the Velocity CB, in the fame Time 
wherein the correfponding infinitely fmall Line PP 
in the Perpendicular will be delcribed with the cor- 
refponding Velocity PL; and confequendy by Com- 
polirion, the moveable Body will defcend through all 
the infinitely fmall Lines PP, that is, through tint 
whole AC, in the fame Time wherein all the Arches 
LL, or the whole Circumference AHB is palTcd 
over, with a uniform Velocity as CB. . ^ E. D. 

Be 
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Bes I DES the Time wherein the moveable Body -^ 
defcends from A to F, is equal to the Time where- 
in the Arch AH is pafled over; and the Time 
wherein it defccnds from A to^, is equal to the 
Time wherein the Arch Ai is defcrlbed ; but the 
Time wherein the Arch A H is pafTed over, is to the 
Time wherein the Arch A /is pafled over, (fince 
they are both defcribed with the fame Velocity) as 
the Arch AH to the Arch A/; wherefore the Time 
of Defcetit from A to F, will be to the Time of De- 
fcent from A to p, as the Arch AH to the Arch 
A /; and confcquently by Divifion the TimeofDe- 
fcent through Fp will be as the Arch Wh. §^E. D. 

Make the Arches H L, i- /, equal 1 whence the 
Time of Dcfcent through F P will be equal to the 
Time through fp: and by reafon the Triangles 
KHL,FHC,asaIfo *i/,/A C, are fimilar; KL 
willbetoHLor^/, asFCco CHovCh: AMohl 
is to ^ / as C i" to C/i and confcquently, by Equality, 
K L will be to ^ / as C F to C/: but K L is as the In- 
crement of the Velocity acquired whilft the Body 
paffcd over F P, and k I is as the Increment of the 
Body's Velocity, whilft it pafled over in an equal Time 
the infinite fmall Line//-, but the Forces wherewith 
the Body is accelerated m the Places Fand/, are as the 
Increments of the Velocities generated in equal 
Times ; the accelerating Forces therefore of the 
moving Body in the i'laces Fand /will be as the 
right Lines K L, kl\ that is, the force wherewith a 
Body is urged in F, is to the force wherewith a 
Body is urged in /, as the Diftance G F to the 
Diftance CP. The accelerating Forces therefore 
are in any Places as their Diftances from the Cen- 
ter. ^ E. D. 

Cor. Hence converfly if a moveable Body in de- 

fcending from A to C is urged by a Force which b 

as its Diftance from the Center; and ihat Force at 

"-■ the 
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^ the beginning of Motion is exprefled by the right 
Line DE, the Arch A E being taking infinitely fmall, 
the Velocities of the fame Body irl any Places F, /, 
will be exprefled by the Sines F H, fh^ and the 
Times by the Arches AH, Ah^ and the Increments 
of the Velocities ; or if the Arches increafc equally, 
the accelerating Forces will be exprefled by the In- 
crements of the Sines. 

THE OR. XLV. 

If a moveable Body be follicited in the right Line AC to- 
wards the Point C, with Forces that are proportionable 
to the Diftances from the Point C, from whatever 
fleightitfallsj it will arnive at the Point C always 
in the fame Time -, and that Time is to the Time wherein 
a moveable Body may pafs over the fame way^ with a 
Velocity that is uniform and equal to that which is 
acquired at lafi by fallings as half the Circumference 
of a Circle to its Diameter. 

Let two moveable Bodies be let fall at once from 
. the Points A and M, and let both be follicited by 




C JSf E 

Forces that are proportionable to their Diftances 
ironi the Point C 5 I fay, both the Bodies will arrive 
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at the point C in the Tame Time. With the C^entcf ^ 
C, and Intervals C A, CM, let be defcribcd iwd 
Quadrants of Circles A B, M N, and let the Force 
whereby the Body A is urged, or, which is the fanK 
thing, its Velocity at the beginning of Motion be 
rcprefented by D E, the Sine of the infinitely fmall 
Arch A E J it is manifcfl: from the Corol, of the pre- 
ceding Theor. that its Velocity, after the Fall to C^ 
willbe reprefenred by the right Line C B. But, by 
Hypothclis, the Force wherewith the moveable Body 
is accelerated in A, is to the Force wherewith the 
moveable Body is accelerated in M, as C A to C M* 
or as D E to PO» by reafon the Arches A E, MO, 
arefimilar: wherefore if DE exprefles the Velocity 
of the moveable Body at the beginning of the Fall 
from A, PO will exprefs the Velocity of the move- 
able Body at the beginning of the Fall from M j and 
confequently [by the fame Corol.] C N will exprefs 
the Velocity of the Body in C after its Fall through 
MC. Befides, the Time of the Fall from A toC, 
is equal to the Time wherein may be defcribed the 
Circumference A B, with a uniform Velocity as CB( 
and the Time of the Fall from M to C, is equal to 
the Time wherein is defcribed the Circumference 
M N with a Velocity as CN. But the Time 
■wherein is defcribed the Circumference A B with the 
Velocity C B, is equal to die Time wherein is de- 
fcribed the Circumference M N with the Velocity 
C N, (by reafon it is A B : M N : : C B : C N, name- 
ly, the Spaces palTcd over are proportionable to the 
Times) wherefore the Time of the Fall from Ato 
C, will be equal to the Time wherein the Body d«- 
fcends from M to C. % E. D. 

The Time wherein the moveable Body paffcs 

over the right Line A C, with the Velocity C B, is 

to the Time wherein it runs through the Arch A B 

wich the fame Velocity, as the right Line A C w 

-- the 
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the Arch A B, or as its Double to the Double of 
this; that is, as the Diameter of the Circle to half 
its Circumference : but the Time of Defcent through 
the Arch A B is equal to the Time of Defcent to C j 
whence the Time wherein a Body is carried through 
the right Line A C with a Velocity as C B, will be 
to the Time of the Fall to C, as the Diameter of the 
Circle to half the Circumference. ^ E. D. 

Dejin. If a Circle infilling on the right Line B^, 
and touching it in its Point by is fippofed to revolve 
upon that right Ijne, and by its Circumference be--^ 




ing continually applied to it, to meafure a right 
Line BA* equal to that Circumference, till the 
Point h being carried aloft, and fo defcribing in its 
Motion the Curve BG^, and having finifhed its Cirr 
cult, it again touches the right Line BA^ in the 
Point i; the Curve delcribed by the Motion of the 
Point is called a Cycloid. And the Figure BGD AB 
is called the Figure of the Cycloid ; the right Line 
G A bifefting the Bafe perpendicularly, the Axis of 
the Cycloid \ and the Point G the Vertex of the Cy- 
cloid. The Circle is named the generating Circle, 
and its Point b the defcribing Point. 

LEMMA. 
If the generating Circle is placed about the Axis 
of xhe Cycloid, and from any Point of the Cycloid C 
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is drawn ordinacely to the Axis the right LineCE, J] 
meeting with the Circumference of the Circle in D; 
the right Line CD will be equal to the circular 
Ai'ch GD, the Arch of the Cycloid GC will be 
equal to double the Chord GD ; and the Semi-cycloid 
B C G will be eqral to twice the Diameter AG; but 
the right Line CF touching the Cycloid in C, wifl 
be parallel to the Chord DG, All thefe things 
have been demonftraced by Dr. Wallts, and others 
who have wrote concerning the Cycloid. 

T H E O R. XLVI. 
I N a Cycloid wbofe Axis is placed perpendicularly to til 
Plane of the Horizon, and its Vertex dawnwardSf the 
Times cf ihe Defcents zvberein a moveable Body urgedi} 
the Force of its Gravity, and let fall from any Point in 
it, will arrive at the Isivrjl PoitU, are equal amongp 
themfehes ; and have to the lime of the perpendicular 
Fall through the Axis of the Cycloid, the Ratio that half 
the Circumference of a Circle has to its Diameter. 
Let A CD be a Cycloid, whofe Axis is C E, ge- 
.iierating Circle ECG. Since the right Line touch- 
ing the Cycloid in any Point H, is parallel to 
• Ct the Chord CG drawn in the generating Circle 
placed on the Axis of the Cycloid ; icismanifeft 
the moveable Body in itsDefcent will be acce- 
lerated with die fame Force in the Point H, as 
if it descended in the right Line GC; but the 
Force wherewith it is accelerated in GC, is to 
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the Force of Gravity as M C to G C : but 3S M C to 
GC, fo is GC to CE, [by Cor. 8. Prop. El. 6.] 

■wherefore the Force wherewith the moveable Body 
is accelerated in the Point H, is to the Force of Gra-' 
vity as G C to C H. By the lame reafon, the Force 
of Gravity is to the Force wherewith the moveable 
Body is accelerated in any other Point K, as C E to 
CL; wherefore by Equality the Force wherewith 
the moveable Body is accelerated in H, is to the 
Force whcrewitli it is accelerated in K, as GC to 
L C, or as twice G C to twice L C, that is, as the 
Curve of the Cycloid H C to the Curve K C. Thit 
Forces therefore wherewith the moyeable Body in 
defcending along the Cycloid is accelerated, arc as 
(he Lengths of the Curve run through. Let us row 
put tile right Line a c equal to the Length of the 
Curve AC, and let any movcabie Body be luppoJ'.-d 
to be urged with the fame Forces in the right Lina 
cc towards c, as the moveable Body is urged, in de- 
fcending along the Curve^AC; but the Forces 
wherewith the moveable Body is ui^cd, in any Points 
H and K of the Cycloid, are as the Lengths H C^ 
KC, ovbci kc: that is, the Forces in any Places are 
as the Dirtances of thofe Places from the Point c^ 
and confcquentJy [by the preceding Theor.] the 
Times of Defcent from any Height will be equal. 
Becaufe tlierefore in the correfponding Points of the 
Cycloid and right Line a c, the accelerating Forces 
are equal, the Increments of the Velocities will be 
alfo equal: as, for example, putting AH —ah, ihe 
Accelerations in the Points fl aiid b will be equal, as 
alfo in the Points K and k, fo that A K is made 
Ts^ak; and in like manner, in all the other Points of 
both Lines, which mutually anfwer to one another, 
the Increments of the Velocities will b* cqiMi : fo 
that if the Bodies begin to defccnd from correfpond- 
ing Points, the Sums of the Increments, or the Ve-' 
R lociiits. 
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]ocities acquired in defcribing equal Spaces, wiB be 
equal ; and confequently the Times wherein thefe equal 
Spaces are defcribed with equal Velocities, will be 
equal. Therefore tiie Time of Defcent from a to c 
in the right Line ac, is equal to the Time of Defcent 
from A to C in the Cycloid ; and the Time of Defcent 
from A to c in the right Line b c, is equal to the Time 
of Defcent from H to C in the Cycloid ; and in like 
manner, the Time of Defcent through KG, is equal 
to the Time through k c, if the beginning of the Fall 
is from tlie Points ky K : and fo of the reft. But the 
Time of the Fall from a to c, is equal to the Time of 
the Fall from b to c, or from i toe; wherefore the 
Time of Defcent in the Cycloid from A to C, will 
be equal to ihe Time of Defcent from H to C, or 
from K to C. The Times therefore of Defcent, where- 
in a moveable Body, let fall from any Point in the 
Cycloid will arrive at the loweft Point, are equal a- 
mongft themfclves. ^ E. D. 

M OR E OVER, the Time of the Fall from atof, 
is to the Time wherein ac, or 2 E C, is pafled over 
with the Velocity acquired at the laft, as the Cir- 
cumference of a Circle to its Diameter; but the 
Time wherein 2 E C is pafTed over with the fame 
Velocity, is equal to the Time wherein the move- 
^le Body, falling by its Gravity, defcends through 
EC, the Axis of the Cycloid: whence the Time of 
Defcent through at or AC, will be to the Time 
wherein the heavy Body defcends through the Axis 
of the Cycloid, as the Semi-Circumference of a Circle 
to its Diameter. 

Cor. The Time wherein a heavy Body defcends 
in the Cycloid through the Arch A C, and afcends 
through C D, that is, the Time of the Motion in a 
Cycloid A CD, is to the Time of the perpendicular 
Fall through the Axis of the Cycloid, as the whole 
Circumference of a Circle to its Diameter. 

I HiNCE 
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1 performs its 
icfcribes greater 
always finifhcd 
in equal Times. Now M. Uuygem, in the third Part 
oi ins Horolsgium Ofcillatorium, hath delivered a IVlc- 
thod whereby the Bali of a Pendulum may vibrate in 
a Cycloid or any other Curve: namely, by finding 
out a Curve, by whofe Evolution a given Curve will 
be defcribed ; then two Plates miiil be bent into the 
fime Curvature, betwixt which the Ball being fiif- 
pended by a String of a determined Length, will 
defcribe, not a Circle, but fome other Curve. Let 
there be two Plau:. ACB, A ED, curved into (imi- 
lar and equal Figures i and from the Point A let be 
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fufpended the Thred of the Pendulum, wliich whilft 
the Pendulum ofcillates, may b^ applied to the Plates 
ACB, A ED, which it conftantly touches: by the 
Application of the Thred to the Plates, the Motion 
of the Pendulum in a Circle is con:inua!ly prevented, 
and its Bail is carried thro' the Curve B P F D. The 
Curve AC B or AE D is called the Evolutf, and the 
Curve BPFD is faid to be described by Evolution. 
Now if the Curves ACB or AED arc two Semi- 
R 2 Cycloi 
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Cycloids, whofe Axes or Diameters of the genera- 
ting Circles are equal to FG or AG, namely, to 
half the Length of the Pendulum ; the Curve B P FD 
through which the Ball defccnds, becomes a whole Cy- 
cloid, whofc Axis FG is half the Length of the Pendu- 
lum, as has been dcmonftrated by Huygens and others. 

Since the Portion of the Cycloid near the Vertex 
F is dfifcribed by the Motion of a String whofe 
Length is A F, and a Circle whofe Center is A, Se- 
midiameler A F is dtfcribed by the fame Stringj 
that Circle pafiing through F, almoft coincides with 
the Portion of the Cycloid near the Vertex F, and is 
of equal Curviiy with it. A heavy Body therefore 
is carried to F, through a fmall Arch of a Circle, 
and through the Arch of a Cycloid, to which that 
Circle is ot equal Curvity, in the fame Time. 

Hence again the Reafon is manifeft, why the 
Times of Ofcillation of a Pendulum performing fmal! 
Vibrations in a Circle, are equal: For if the Arches 
CAD, GAF, are fmall, they almoft coincide with 




the Portion of a Cycloid near its Vertexi the Axis 
of the Cycloid being A K, half the Length of the 
Pendulum. So that the heavy Body defcends through 
the Arches of a Circle CA or G A, almoft in the 
lame Time, as it would dcfcend through the Arches 
of a Cycloid nearly coinciding with them : but it de- 
fcends in equal Times through any Arches of a Cf- 

cioidi 
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doidi wherefore the heavy Body aifo will fall in equal 
Times through the fmall circular Arches C A, G A ; 
and confequently the whole Ofcillations dirough the 
Arches C A D, G A F, are pertbrmed in equal Times. 

The Time therefore wherein a Pendulum per- 
forms a very Imall Olcillation in a Circle, is equal to 
the Time wherein an Ofcillation is performed 
through [he Arch of a Cycloid, whoie Axis is half 
the Length of the Pendulum, Biic the Time where- 
in an Ofcillation is performed in a Cycloid, is to the 
Time of ths perpendicular Fall through the Axis of 
that Cycloid, that is, through half the Length of 
the Penduhim, as the Circumference of a Cncle to 
its Diameter, And it hence follows, that the Time of 
any the fmalleft Ofcillation is to the Time of the Fall 
through the Length of the Pendulum, in a conftant 
Ratio; namely that, which the Circumference of a 
Circle has to its Diameter multiplied by the fquare 
Root of the Number 2. 

If in different Regions of the Earth, the fame 
Pendulum ftiall perfurm its Ofcillations in unequal 
Times, the Times of Defcent through the Length 
of the Pendulum in tlip different Regions will be 
Jikewife unequal^ 3nd where the Ofcillations pro- 
ceed (lower, there alfo a heavy Body will defccnd 
flower in the Perpendicular, and in a given Time 
will defcribe by falling a lefs Space. And it is cer- 
tain by Experiments, that in Places ficuated near the 
Equinodtial, the Ofcillations of a Pendulum of the 
fame Length are performed in a longer Time, than in 
Places that are more remote from the Equinoctial: ib 
that heavy Bodies in thofe Regions defcribe in a given 
Time by falling a lefs Space, and are accelerated in 
their Motion by a lefs Force than in our Regions, 
which have a greater Latitude : fo that it is confirm'd 
by Experiments, that the A6tion of Gravity is lefs in 
fuch Places as have lefs Latitude, than in thofe that arc 
Rearer the Pole, R 3 T h 1 5* 
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This Decreafe of Gravity arifes from the centri- 
fugal Force: For fmce from the Rotation of the Earth 
aboitt its Axis, every Body endeavours [o recede from 
the Center of the Circle it defcribes, by how much the 
greater thofe Circles are, by fo much the greater is the 
centrifugal Force of the Bodies defcribing thefe Cir- 
cles; which Force therefore is always as the Sine of 
the Diftance of the Place from the Pole, which as it 
is greatelt under the Equinoftial. is nothing at a!I 
under the Pole itfclf: fo that the Force of Gravity 
is the leaft under the Equinodtial, but at the Pole the 
greateft. 

Before we finifli this matter, we ftiall here 
give a Solution of a famous Problem, firft fought 
out by Gallikot after propofed by John BernouiUi to 
tlic Geometers, namely, in the beginning of the Year 
1696; and folved by the famous Geometers Sir 
Ifaac Ne'u:lon, Mr. Leibnitz, James BernouilU, the 
Marqiiifs de I'Hofpital, and others. The Problem it- 
fclf was tlius propofed. 

C ivz\t in a vertical Plane two Points A and B, to 
itjjign the fraj of a moveable Bedy, through which it 
deficnding by its Gravity, and heginniiig its Motion at 
the Point A, it n^^ arrive in thcpsorlefl ^imepoffiblt 
at the other Point B- 

The above-mentioned Geometers found out, that 
lhisL.ine would be a Cycloid paffing through the Pohiti 
A, B, wliofe Bafe lay in the Horizontal Line drawn 
through A: to dcmonftratc which, we fliall premifc 

the following 

LEMMA. 
I F A d g B iJ /^tf Line offivifteji Defient^ a heavy Body 
will defcend ([Sicker from any Point of it d, to any other 
Point of it g, after the Fall from A,through the Curve 
_ •■ it/e'fd e g, than through any other 'j:tsy whatever. 

For 
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Fo R if you fay the heavy Bod/ may defcend 
quicker through dfg^ therefore the Way A dfg B 
will bepafled over in a ftiorter Time than A degs and 
confequendy the Curve h. deg^ will not be the 
Curve of fwifteft Defcent: which is contrary to the 
Hypothefis. 

Now let Ad eg be the Qirve, its Axis AC, 
and Ordinate applicate liLj theTluxion or momen- 
laneous Increment of the Axis» let heL.O= d b; 
ijui the Fluxion of the Curve let be d e: and let the 
Ke^angle under 3 given right Line, which we will 
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czWamAdb orLO, applied to de, be always pro- 
L pottianablc to the Velocity wherewith den palTcd 

\ ovtr, that is, the Velocity which is acquired by fa|- 

■1* ling from A to d; then this Curve wiil be the Line 

Ij of fwiftefl Defccnt. Let iff, eg, be taken two con- 

f' lig'jous and infinitely fmall Portions of the Curve; 

I which confequently will differ but very little from 

(I ■ right Lines: I fay, a heavy Body will defcend in a 
I . Jels Time through the Curve deg, after its Fall from 
jv A» than through any other Way dfg. Through/ 
draw fq parallel to ^^. And let/y be fuppofed to 
be pafiedover with the fame Celerity as eg is pafTed 
ovtr-, and let fa be perpendicular to dsy as alio m e, 
gqiofq. And by reafon the Triafigles/«f, deb, 
are equi-angular, as likewife /hj e, gel; deislodk 

as /e to }ie: fo that it will be ne=-.. ^^ ' i ilfo by 
d e 

rpafon ^ c is to e ;■ as/ e to /«, k will hc/m = ' -L ^ l l 

g e * 
L . • ■ dh xfe . eixfe dh e i _dbxa eixa 

de ge de ge de ge * 

that is, nets to fm, as the Velocity whereby » e is 
pafll-d over to the Velocity whereby fm is palTcd 
over; whence » f , /w, are paffed over in equal 
Times. And bcc;iufe m y is equal to eg, the Time 
of Defcent throii^ti m q will be equal to the Time 
through eg; fo thr.t the Time through /j, will be 
equal to the Time through «f^. But by reafon the 
Angle at y is a right one. fg is greater than / j; fo 
that the Tiriit ihroiigh/^, will be greater than the 
Time through /{, or through tteg: and by reafon 
dfh grearcr than dtt, the Time through dfvj'iU be 
greater than the Time through dn. Whence the 
Time through df, fg, will be greater than the Time 
Eliraugh fi'?;, »^. A heavy Body therefore willde- 
ll^end from d to g, after its Fall from A, through th? 
-■- Curve 



r 

L 
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Curve tiigy in a kfs Time than through any other 
Way 1 and confequently the Curve Ade^B will be 
; the Way pf fwiftert Defcent. 

LetABM be a Cycloid, pafTmg through 5» 
whofe Bafe let be a Horizontal right Line drawn 
through A j that will be the Line, on which a heavy 
Body defcending, will proceed from A to B» in the 
feaft Time poffible. Let G N M be half the genera- 
ting Circle, whofe Diameter G M let be called u, 
jsnd let de be any infinite fmall Part of thpCyclMdal 




Citrve, which will differ but infenfibly from its Tan- 
gent in H; (o that it will be parallel to the right 
Line NM: whence the Triangles dhe, NQ_M:, 
GMN, will be equiangular. Wherefore de is to 
dh, as G M or fl to GN; and confequently dbxa 

= ^f X GN: and^4^''=GN. ButrbyCor.of 

ae 
Theor. 43.] G N is as the Velocity acquired by the 
heavy Body in falling from the Height GQ, orLd; 
that is, as the Velocity wherewith the mlinitcly 

wiU 



de 



fmall line de is paflcd over. Wherefore 

• be proportionable to the Velocity wherewith de ii 

paflcd' 
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paffed over. The Cycloid A ^^^ B therefore is the 

Lne of fwifteft Defcent. ^E.B. 

I If the Velocity is fuppofed to be as the Height 

i Jfrom whence the heavy Body falls, the Line of fwift- 

^ eft Defcent will be the Portion of the CiraimferencB 

of a Circle, whofe Center is in the horizontal Line 

dr^wn through A. For by reafon the Triangles 




ih t, d'LC, are equi-angular, dibistodea&i 
d C ; and confequendy, it will hedbxdC^dexi 

and — -7 = (/L. But by Hypothefis </ L is prt>« 

portionable to the Velocity: wherefore ifdC is called 

a, — will be proportionable to the Velocicy. 

Therefore in this Hypothefis the Portion of the Cir- 
cumference A i/f B will be the Way of fwifteft De- 
Icent. 

I F the Velocity in any Point be as the Dignity m 

\ pf the Height whence the Body fell, and let A L be 

tai led M, tj L be ^ ; it will htdb = x^be = 'f ^ ».t>dde ss 

v^ « * +y » . Wherefore from the Nature of the 

Cunre, 
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a'x a " ifi 
—rr==^ _ ym . whence -., _ 

=jr* ', and «*- ^ '' =/" :« ' +>* "^ S and a* " x^ — 

>■"*;«»=/" v% and;fi = -— — ^ and* = 

— — ■ - — Which Equation exprelTes univcrlally 

ihe Nature of a Curve, wherein a heavy Body will de- 
fccnd in the fhorteft Time, if the Velocity is as any 
Pignity m of the Height from whence it fell. 



LECTURE XVI. 

f^'^ E have, in the foregoing Lefture, explained 
the Motions of heavy Bodies on inclined 
Planes, ot curve Superficies i and iheir prin- 
cipal Properties, as far as wasconfillent with 
our intended Brevity. It now remains that 
we fpeak ofdic Phenomenaof Projt-ftiles; and firfl: of all^ 
we ought to find out ihe Nature of that Line, which 
a moveable Body projefted in free and unrefifting Spa- 
ces, will delcribe by the Force of its Gravity. And 
indeed if the heavy Body is projeifted directly upwards 
or downwards, it will be moved in a right Line ; and 
it is manifell from the former Leflurcs, that its Morion 
will be an uniformly retarded or accelerated Motion, 
as it is projefted either upwards or downwards. But if 
is is projefted in a horizontal Dircdlion, or in any orher 
that is oblique 10 the Horizon^ it will be carried in a 
Ciitve Line. 

For, 




Jj2 
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For let the Body be prqjefled or caft from A, in 
the IMreftion A V i by the firft Law of Nature, if no 
other Force afted on it, it would proceed always in the 
feme right Linf, with the fame Velocity : fo that ic 




■would defcribe eqiialSpaces, A B, B C, in equal TiruM, 
L£t us tlierefore diftinguifh the Time into equal 
. Particles J and if after the firft Particle of Time, 
rwhen the moveable Body ftiall arrive at B, fome 
I "t'orce is fuppofed to aft on it, by one Impullc only; 
j ind to communicate to it a Motion, whereby it 
\ would be carried (the other Motion being taken 
\ Away) in a Dirci5tion perpendicular to the Horizon, 
Lthrough the right Ljne B E, in the Time that it 
rVould defcribe the right Line BC; compleac the 
, Parallelogram CBED: it is manifeft from Cor. 2. 
Theor. 30. that the Body, by the Motion com- 
pounded of both the others, will be moved through 
the Diagonal B D, and afterwards the prqjefted Bo- 
dy would always proceed in this right Line, if no 
new Force turned it out of its Path -, and it would 
in an equal Time defcribe a Space DF equal to BD. 
But if in the Point D, the fame Force fhould aft a- 
.gain with a like Impulfc, whereby the Body would 
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carried downwards in that Time through a Space 
equal to F G : the Motion of the Body, compound- 
■ of both Motions, would be through the right 
e DG, which the Body will defcribc in the fame 
Time, as it would, without this new Impulfe, have 
proceeded through the Space DF. But if after the 
third Particle of Time, the fame Force ftould afl: 
again, and (hould impel the Body in G down- 
wards, through a Space equal to H I ; the Motion 
compounded of the former and this new one, will be 
in the right Line GI, which the Body will defcribc 
in the fourth Particle of Time; but in I the fame 
Force ading again, the Body will be turned out of 
its right Path GL into the Direftion IK; and after 
this manner the projected Body will defcribe by its 
Motion the Polygon A B D G I K . But if each Par- 
ticle of Time, wherein we fuppofed the Force to aft, 
is diminiihed in infinitum, and their Number is aug- 
mented: the Sides of the Polygon will be diminiOied 
in infinitum, and their Number will be increafed in 
infinitum, and conlcquently the Polygon will be turn- 
ed into a Curve : that is, if the Force impelling 
downwards is fiich, as, that it ihould ad always and 
without ceafing, of which nature is the Force of 
Gravity, the projected Body, this Force aifting, will 
be carried along a Curve. 

T H E O R. XLVn. 
AProjected Body, whofe Line of Dire£fion is pa- 
rallel to the Plane of the Horizon, defcribei by its Mo- 
lien a Parabola, 

I F the heavy Body is thrown by any extrinfecal 
Force, as that of a Gun, or the like, from the Point 
A* lb that the Direction of its Projedion is the Ho- 
rizontal Line A D i I fay, the Path of this heavy 
Body will be a Semi-Parabola. For if the Air did 

not 



1 



I 
J 
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not rcrift it, nor was it acted on by ics Gravity, 
Frojeftilc would proceed with an equable Motioii 
always in the fame Dircftion ; and the Times vrhefe- 
in the Parts of Space A B, A C, A D, A E, wcrepif- 




fed over, would be as the Spaces A B, A C, A D, XIE? 

refpedtively. Now if the Force of Gravity is fiip* 
pofed to take place, and ro aft in the lame Tcnoor, 
as if the heavy Body were nor impelled by any ex- 
trinfecal Force ; that Body would conftantly decline 
from the right Line A E, and the Spaces of Ddcerti 
or the Deviations from the Horizontal Line AE, 
will be the fame as if it had fallen perpend icukrJy. 
Wherefore if the Body falling perpendicularly by the 
Force of its Gravity, paiTed over the Space AK in 
the Time A B, defcended through A L in the Time 
A C, and through A M in the Time A Dj the Sp- 
ces AK, AL, AM, will be as the Squares of the 
Times, that is, as the Squares of the right Lines 
A B, A C, A D, or of K F, L G, M H. But fincc the 
Impetus in the Diredlion parallel to the Horizon al- 
ways remains the fame \ for the Force of Gravity, 
that only follicites the Body downwards, is not ia 
the leaft contrary to it : the Body will be cqu«Hy 
promoted 
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■omoted forwards in the Direction parallel to the 
Plane of the Horizon, as if thece was no Gravity at 
ail. Wherefore fince in the Time A B, the Body paflcs 
over a Space equal to A B ; but being compelled by 
the Force of Gravity, it declines from the right Line 
AB through a Space equal to A K, and BF being 
made equal and parallel to AK, at the end of the 
Time A B, the Body will be inF: So fince in tlic 
Time A C, the Body paffes over a Space, in the Ho- 
rizontal Diredion, equal to A C, and in that Time 
defcends through a Space equal to A L ; if CG is 
made equal and parallel to A L at the end of that 
Time, the Body will be in G. In like manner, fince 
in the Time A D, the Body is carried in the Hori- 
zontal Direftion through a Space equal to AD, by 
the At^ion of Gravity, it would in die mean while 
defcend through a Space equal to A M ; and D H 
being put equal ro A M, at the end of the Time 
AD, the Body will be in H. And the Path of the 
Proicftile will be in the Ciii-vc AFGH; but be- 
eaufe the Squares of the right Lines K F, L G, M H» 
are proportionable to the AbfcilTas AK, A L, AM, 
the Curve A F G H will be a Semi-Parabola. The 
Path therefore of a heavy Body projefted according 
to the Direftion AE, will be a femi-parabolical Ci:rve. 

LEMMA. 

Let a D B ^e fucb a Curve, as ibat the Perpendicular 
C G being let fall f rem any of its Points C /o A B, the 
ReSiangle under AG, G B, is equal to the ReSiangle 
under CG, end a given right Line L; that Curve 
will is a Parabola, 

. L E T A B be bifefled in E, and the Perpendicular 
DE be ereded; by flypothelis, the Reftangle un- 
der DE and L, will be tqual to the Kc6tang)e un- 
der 
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der AE, EB, or AEq.= fby <; £/. 2.) AGxGB 
_|_GEq. = CG X L -h GEq. =EF x L + 
C F q. Wherefore the Rcftanglc under D F and L 
vill be equal to the Square of CF^ which is tlie 




Property of the Parabola. If the Pointy falls in 
A B produced, which happens when the Curve de- 
fcends below A B, the fame Parabola wjU be the Im- 
fiW of the Point rj for (by 6 £/, 2.) it is E^q. = 
(ecq. =) A ^ x^BH-EBq. = Lxf^ + Lx 
DE^LxDf: which is the Property of the Para- 
bola. 

Cor. The right Line L is the Latus Re^ioh or 
Parameter oi the Parabola. 



r^^ 



THEOR. XLVIII, 

The curve Line, that is defcribed by a heavy Bodji 
jeSledobliquely andupwards^ according to any Direction, 
is a Parabola. 

L J T A F be the Diredlion of Projection, any ways 
inchned to the Horizon. Gravity being fuppokd 
not to adl, the moving Body would always conitnue 
its Motion in the fame right Line, by the firft Law 
of Nature, and would defcribe the Spaces A B, AC, 
A D, propDrcionable to the Times. But by the 
Action of Gravity it is compelled continuaJJy to de- 
cline 
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feline from the Path A F, and to move in a Curve j I 
1 fty, this Curve will be a Parabola, Let iis fuppofc 
[ the heavy Body falh'ng perpendicularly in the Time 
I A Bi through the Space A Qj^ but in the Time A C, 




through the Space A R ; and in the Time A D, thro' 
the Space AS; the Spaces A Q^ A R, AS, will be 
"as the Squares of the Times, or as the Sqyares of 
^hc right Lines AB, AC, AD. But becaufe the 
mov.ng Body not being aited upon by Gravity, in' 
Wic 'I'ime AB would pafs over the Space AB, and 
iy the Aftion of Gravity would in the mean whil; 
S dt;rcend 



J 
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defcend through a Space equal to A Q, it is mam' 
feft, if in tlie Perpendicular BG, there is uken 
BM:=AQ^ ihe Piacs of the heavy Body, at the 
ifnd ot the Tunc A B, would be M. In like man- 
ner, fince the moving Body, by the Impetus firft 
imprefled, in a Time as A C, ought to pals over the 
Space AC, bur by the Force of Gravity it is com- 
pelled in the mean while to defcend through a Space 
= A R ; if in the Perpend ictilar there be taken CN 
= A R, N will be the place of ihe moving Body at 
the end of the Time A C. So hkewifc the Space 
DO being put, in the Perpendicular, equal to AS, 
Owill be the Place of the moving Body at the end 
of the Time A D; and the Deviations B M, CN, 
D O, from the right Line A F arifing in the Times 
AB, AC, AD, will be equal to the Spaces A Qj 
AR, AS, fo that they will be as the Squares of the 
right Lints A B, A C, A D. Through A draw cbe 
horizortal right Line A P, meeting the Path of die 
Projectile in P. From P let be erected the Perpen- 
dicular PL, meeting the Line of Direiflion in E; 
and by realbn the Triangles AGB, ACH, ADI, 
AEP, are equi-angular-, the Squares of the right 
Lines A B, A C, A D, A E, will be proportionable 10 
the Squares of the rigiit Lines AG, A H, A 1, A P: 
f that the Deviations B M, C N, D O, E P, will be 
proportionable to the Squares of the right Lioes A G, 
AH, A I, A P. Let the right line L be a third 
Proportional to the right Lines E P, A P j and it will 
be[by i7£/.6.]LxEP= APq. butAPq.: AGq. 
i:EP;BMr;LxEP; L x B M ; whence Once it 
isLxEP=APq. it will beLxBM = AGq. 
In like manner, it will be LxCN=AHq. and 
LxDO =A[q. But becaufe it isBG: AG:: 
(EP:AP:;by HypothcfisJ AP r L; it wiU be 
LxBG = AG X AP= AGxAG+AGxIj " 
i=AGq. -(- AGxGP. But it has been " 




1 6. Natural Philofophy. 259 

cliar it is LxBM=AGq. wherefore it will b: 
LxBG — LxBM = AGxGP, that is, LxIVL^' 
= AGxGP. By the fame way of Iveafoning''ic 
will be LxNH = AHxHP, and I, xXi I = 
AlxIP, asairoLxVK = AVxVP. Wherefore 
by rhe preceding Lemma, the Curve A M N O PK, 
wherein the Projeftile is moved, will be a Parabola. 

Cat. I. The right Line L is the Lai us Return or 
Parameter of the Parabola, that belongs to ics Axis. 

Cor.z. LETbe AH = HP, and it will be Lx CN 
= A H q. = Lx N H, whence it will be N H = C N ; 
and confequently the right Line A F being the Line 
of Direction of the Projei^ile, will [by Prop. 33. 
Lib. I. of Apollonius] touch the Parabola. 

Cor. 3. Because it is AP = 2 AH ; it will be 
PE=2CH = 4CNor4NH. 

Cor. 4, If / is a third Proportional to the right 
Lines P F, AE, / will be the Lo;«; i^?t*?tt»j, or Para- 
meter of the Parabola, that belongs to the Diameter 
A S. For becauli; P E, A E, /, arc continual Propor- 
tionals 1 it will be / xP E = A E q. but it is AE q, 
: AB q. or QJVI q. : : PE : B M or A CL: : /xP E: /x 
AQ^ Wherefore fmce it is AEq. xPE, it will 
be Q^iVI q. = /x A Q : wherefore / will be the Pi- 
' rameter belonging to the Diameter A S. 

Cor. 5. But it is /= P E 4-L = 4 N H-1- L = 
four times the Height of the parabola -f- L. For it 
is/xPE = AEq .=APq.4-P£q. = LxP£+ 
PEq. = LH-PExPE. Wherefore i[ will be 
/=L + PE=L+4NH. 

Cer.6. If the Times A B, BC, CD, ar- made e- 

quai; the Hurizonta! Spactrs A G, GH, HI, will be 

equal ; that is, if a heavy Body, in its Motion, de- 

^ Icribcs a Paiabola, in equal Tunes it will advance 

, eqiully according to a Direction that is paralici 10 

L.thc Horizon; and in every Point of the P.ir^bo'a, 

3 2 
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the Horizontal Impetus will remain the fame as it 
was at the beginning of Morion. 

Cor. 7- If a Body projedled from A in the DI- 
rcflion A E, dtlcribes the Parabola ACP; in any 
Point C it will endeavour, by the firft Law of Na- 
ture, to run out along the Tangent CG, with all 
the Velocity that it has in the Point C, and is Iblely 



* 




retained in the Parabolical Carve by the Force of 
Gravity. But if another heavy Body flioujd be pro- 
jcdled from C in the Direftion CG, with the Velo- 
city that the Body projcfted from A, has in thelanie 
Point C J that other Body will defcribe the fame Pa- 
rabola C P. For in the Point C, the Direftion, Ve- 
locity, and Force of Gravity of both Bodies are the 
fame ; wherefore the Way of both will be the fame. 

Cor. 8. Hence ifa heavy Body is projected down- 
wards, in a Direftion oblique to the Horizon j the 
Path of the Projedilc will be a Parabola. 

THEOR. XLIX. 
The Impetus ofaprojeSed Body in different Points o) 
ParabsUi, are as the Portions of the Tangents intfP 
cepted betwixt two right Lines parallel to the ^xis. 

Let a heavy Body defcribe the Parabola ABL, 

which let the right Lines AD, BE, touch in the 

g Points 
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Points A and B, The Impeiiis of the Body in the 
Points AandB, will be as CD, E B, the Portions 
of the Tangents intercepted betwixt two right 
Lines parallel to the Axis. For if the Body ftiouid 
be deprived of its Gravity in ._ 

the Point A, it would run 
out in the Tangent A C, with 
the fame Impetus that it has 
in the Point A. So likewife 
the moving Body in B having 
loft its Gravity, would pro- 
ceed in the Tangent BE with 
all the Velocity that it has in 
the Point B. But in the Points 
A and B, the Horizontal Im- 
petus remains the fame, as ap- 
pears by Cor. 6. of the pre- 
ceding Theor. lb that the Bo- 
dy in A going out into the Tan- 
gent AD, and in B into the Tangent BE, in equal 
Times it will proceed through equal Spaces according 
to the Horizontal Direiftion. Therefore CD in the 
Tangent AD, and BE in the Tangent B E, will be 
paffcd over in equal Times ; but the Velocities, or 
Impetus of the moving Bodies, are as the Spaces 
palled over in equal Times; wherefore the Impetus 
of the moving Botiy in A, is to the Impetus of the 
ikmeBodyinB, as CD toBE. %E.D. 

Cor. If A is the Vertex of the Parabola, and 
the Tangent produced, till it meets the Axis in 
G ; the Impetus in A will be to the Impetus in B, 
as the Ordinate BH to the Tangent B G : for it is 
CD:BE::CF:BF (by reafon the Triangles C B F, 
B HG, are fimilar) : : BH : BG. 

Defin.'L.z-x ACF be a Parabola, in 
whofe Axis produced beyond the Ver- 
tex let be uken G A = ^ the Parameter, 

S 3 Thvj 
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The Line G A is called the Sublimity of the Para- 
bola, and if beneath the Vertex be taken A D= 
A G, and D C be an Ordinate to the Axis, is will 
bcDC=2ADor2AG; for from the Nature of 
the Parabola, the Rectangle under the Latus Rei 
=:4AD and AD, that is, 4ADq. = DC 
liutitwillbe 2 AD =DC. 



ure of 



THEOR. L. 

If a heavy Body falls from the Sublimily of a Parahola ts 
its Vercex, and the Motion acquired in fallings by Re- 
jieSlion or sry ether wer^Jhould be changed into a lleri- 
Z'-ntal Motion^ infomucb that the Body may he^ ' 
move a-new downwards ; the projeiied Body wii 
fcribe that Parabola. 






Le t the Body fall from the Point G, theSul 
ly of the Parabola ACFj and in A by Refleflion, 
or any other way, let the Motion acquired in falling 
be changed into the Horizontal one Jn ABE; or, 
which is the fame thing, let the Body be projc^d 
in the Direftlon AE, with the Velocity that is aC( 
qtiired by falling through G A j I fay, that hci 



G 

A . 


E B E 


S^^l 




Jf- 


A 


F 




Body wil] defcribe in its Motion the Parabola ACF. 
\xt. be AD=AG, and it will be DC=2 AG. 
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prawCBparalJel toA D ; and from any Point Fofthe 
Parabola, draw F H paralJd to A E, and F E to H A : 
If there was no Gravity, and the Body was proj-iS^-'d 
in the Direiftion A E with the Velocity that is ac- 
quired in falling from G into A, it would be- carried 
in the fame Time through the Double ofG A; fo 
that it would defcribe in that Time AB=DC=: 
2 G A. But the Body, on account of its Giaviiy, 
beginning to defcend in the Point A, will fall in the 
fame Time through the Space B C = AG; where- 
fore in its Motion it will pafs through the Point C 
\n die Parabola. Again, let the Body be fuppuftd 
by its Horizontal Motion (abftrading trom that 
which arifes from its Gravity) to arrive in a certain 
Time at E, beyond or on this fide B ; and lince the 
Motion in the Direction parallel to the Horizon re- 
mains equable, A B, AK, will be as the Times 
wherein they are paffed over. But the D^fcencsor 
Deviations of the moving Body from the right Line 
AE, areas the Squares of the Times wherein they 
are made: wherefore by reafon BC, E F are propor- 
tionable to the Squares of t lie right Lines AB, AEj 
fince C isthe place of the heavy Body at the end of 
the Time A B, F will be the Place of the fame Body 
at the end of the Time A E j and lb the heavy Body 
will be always found in the Parabola A C F. i^ E. D. 

Cor. Hence the Velocity of a heavy Bjdy in 
the Vertex of the Parabola which it dcfcribes, isth.it 
which is acquired by falling from the Sublimity of 
that Parabola. 

LEMMA. 
Let B a if « Parabola, whofe Jxis is A F, SubUimt^ 

A G, and TaHgent B C, OrdinaU B F -, il ■u.-ill be 

BFq. ;BCq. : :G A; GF. 

For it is [by 33 Lib. i» of ApoHenlus's Conick--] 
C F= 2 AF, and from the Naiiire of the PaiaboU 

S 4 4 G Ajl 
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4GAxAF = BFq. 'Wherefbre itwilfbcBFq. 
:BCq.::4GAxAF:4GAxAFH-CFq;:4GA 

xAF:4GAxAF + 4A Fq. ::GA:GA + 
AForGF. ^E.D. 

T H E O R. LI. 

A H E A V Y Body being projeiied dingily upwards^ with 
I he fame Impetus wherewith another heemy Body is pro- 
je£7ed obliquely, will afcettd to a Height equal to the 
Height and Sublimity, taken together^ of the ParahoU^ 
tjcbicb the oblique ProJeSIile will defer ibe in its Motion. 

L. E T from B be projefted a heavy Body in the Di- 
rcdion BC, defcribing io its Motion the Parabola 
BAM, whofe Axis is A F, Vertex A. and S6bli- 
micy G A : I lay, if the fame or another heavy Body 
be projctftcd from Bdireflly upwards, with the faaw 
Impetus, it will afcend to L; To that BL will be 
equal to F G, the Height and Sublimity of the Para- 
bola taken together. By Cor. of Theor. 49. the Im- 
petus of the heavy Body in B, is to the Impetus of 
ihc fame Body in A, as BC toB F; but the Impe- 
tus atquired by falling from G to F, istothelmpe- 
iijs acquired by falling from G to A, in afiibdupli- 
caic Ratio of G F to G A, that is, (by rcafon it is 

BC,. 
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BCq.:BFq.:;GF:GA) as BC Eo B F. Where- 
fore the Impetus in B, will be to the Impetus in A, 
^ the Impetus acquired by falling from G to F, 




Pto the Impetus acquired by falling from G to A: 
but the Impetus of the heavy Body in the Vertex A, 
is that which is acquired by falling from G to A j 
wherefore the Impetus or Velocity of the fame Body 
in B, is that which is acquired by falhng from G ro 
F, or from L, ro B, which Height is equal to the 
Height and Sublimity of the Parabola taken toge- 
ther. But the heavy Body projected dirc£lly up- 
wards with the fame Impetus, will afcend to L; 
wherefore if a heavy Body is projetSed dircftly up- 
wards widi the Impetus that another heavy Body, 
defcribing the Parabola BAM, has in iIil- lame 
Point B, it will afccnd to a Height equal to the 
Height and Sublimity of the Parabola taken together. 

Cor. I. If a heavy Body falls fiom L to B, and 
the Impetus acquired in the Fall remaining the fame, 
the Direction of Motion Ihould be charged, by Kc- 
fieition» or the like manner, into the right Ljne B C, 
orBN, fo that the heavy Body begins to dLfccnd 
again ; it will in its Motion dcfcribe the Parabola 
SBAM. 

Con 
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Com. The Impetus in any Point B of a Para- 
bob, is that which is acquired, by falling through 
the fourth part of the Latus Return belonging to tht 
Diameter that paffes through that Point. Fop it if 
LB=IL + KB; wherefore it will be 4LB=: 
L -+- 4. K B = Lalus Return that belongs to the Dia- 
meter palTing through B, as appears from Cor. 5. 
Theor. 48. 

Having laid the Foundation of the Doftrine of 
Projeftiles, before we come to folve the following 
Problems, we think it proper to fhew the way, 
whereby great Guns or Cannon are direfted accor- 
ding to any Degree of Elevation. But the Direflion 
of a Cannon is to be reckoned the fame with the 
Diredion of its Concavity: for by the firing of the 
Gun-Powder, the Bullet is emitted according to the 
Concavity of the Cannon or Mortar ; and if it was - 
not for Gravity, it would proceed in that right line 
produced : fo that that right Line is the Dire£tion 
of the Ordnance. • 

Where fore that the Ordnance may be aimed 
at the Mark, it ought not vo be direfted according 
to its outward Metal, fince Ordnance are thicker 
towards their Breech than near their Orifice, be- 
caule their Kefiflrancc ought to be greaicfl: in that 
part, which fufr'ers molt from the Gun-powder: 
whence, that a Cannon may be the more readily di- 
refted, fomething is added to the Orifice, (which 
they call Difpart) that its Thickncfs may equal the 
Thicknt;fs otits Breech, and then it is levelled by a 
Line parallel to the Concavity ot the Piece ; and 
after the abovemention'd manner the Ordnance is 
aimed direiftly at the Mark. When Walls are to be 
battered, or any thing to be done, where a great 
Impetus is required, and the Mark is not above 200 
Paces off, and the Engine fufficicntly large j iofuch 
Shoti, befides what has been faid, and the Expe- 

riencc 
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rience of making proper Charges of Powder, and 
fuitable Balls, there is no other Artifice required. 
But fince mofl: commonly the Citadels, or Enemy 
that is to be fired upon, by reafon of the 100 great 
diftance, cannot be hit by a direft Level; or when 
the Houfcs of the City are to be broken down or 
burnt by the Ringing of Bombs ; the Engine muft be 
elevated in an Angle inclined to the Horizon; to 
which end, there is ufed a Ruler A BCD, where- 
vnto is fixed a Parallelogram B E F D, on which is 
infcribed a Semi-circle divided into Degrees, from 
whofe Center hangs a Plummet i but the Extremity 
of the Ruler A muft be inferted into the mouch of 
{he Engine, and be held in a Situation that is paral- 




lel to its Axis, And fo the Ordnance is to be railed 
or deprefled, till the Perpendicular C Q^ touches, in 
the Limb of the Semi-circle, the Point K, namely, 
(he Degree of the Elevation required, reckoning 
from L towards B ; for it is manifeft, that the An- 
gle LCK is equal to the Angle C M N, the Eleva- 
tion of the Engine, becaufe the Angle M C N is the 

Com- 
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Complement of both to a right Angle. The Paralle- 
logram BE FD is frequently ufed alone without the 
Ruler, by applying its Side BE to the Mouth of the 
Engine, whereby the Perpendicular C Q__ will (hew 
the Degree of Elevation 

Defin. By the Impetus defigned by any 
sti the Fig. Perpendicular AB, we underftand an Im- 
•-/ J** "'^^ petus fufficicnt to hurl the propofed heavy 
Fr>hUm. jj^^y ^^^^ ^ ^^ ^^^ h\%ht^ Point B of 

the Perpendicular AB-, or, which is iKe fame thing, 
the Impetus acquired by fLiUing from B :o A j for by 
no other way can an Impetus be reduced under any 
cercain and univcrfal Rule, than by determining ic 

after this manner by Spaces. - ' 

p R o B L. vm. 

The Impetus 'Q a be: ng given, and (he Direlfion Al, 
er the Angle of Elevalion DAI; to find the AmpUluA 
eftheProjeSiionj its Heigbly and the whole Pi 

wiUdefcribe. 

Draw from A and B the Horizontal Lines AD, 
B L. Upon the Diameter A B defcribe the Senii- 




cJrcleAFB, which will cut the Line ofDircaiaP 
AlinF: through F draw E F parallel to the Hori- 
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zon, and produce it to G, fo that it may be G F = 
EFjandalfo through G draw perpendicular to the 
Horizon the Line LGD; and with the Vertex G 
defcribe the Parabola AdK palTing through A: I 
fay, this will be the Path of the Projedile, whofe 
"Direftion is A I, and Impetus A B; fo that DG or 
A E will be the Height of iheProjeftion. Double 
AD, or quadruple E F, will be its Amplitude or 
■whole Horizontal Random ; and B E or L G will Ik 
the Sublimity of the fame Parabola. In the Trian- 
gles A E F, I G F, by reafon the Angles at E and G 
are right, and the Angles A F E, G F I, at the Ver- 
tex equal, alfo EF=GFi it will be IG=AE 
= D G, and confequently the right Line A I will 
touch the Parabola. And becaufe itisAD=EG 
= 2 EFi it wilt be ADq.=4EFq. = 4 BExEA 
,= 4 LGxG D = Rectangle under xheLaiui ReSium 
and GU: wherefore it will be 4LG = theLa/KJ 
Return oi the Parabola, whence LG will be the 
.Sublimity of the fame Parabola. Wherefore [by Cor. 
Theor, 51.] if the heavy Body falls from B to A, and 
is projefted in the Direftion A I with the Impetus 
^acquired in falling, it will defcribe the Parabola 
■^AGK. 

Cer. r. Hence it is manifeft, from the Impetus 
A B of any Engine being given, about which is de- 
fcribcd the Semi-circle A DB, that the Heights and 
Amplitudes of aiJ Projectiles, which can be made by 
'the fame Engine, are given. For example, the Im- 
petus A B remaining always the fame, the Projcftion 
made in the Dircdion A E, Iia5 its Height A !-, and 
its Amplitude the Quadruple of E F : in like manner, 
it being made in the Direftion A D, its Height will 
be A G, and its Amplitude the Quadruple of G D j 
and fo of the reft. Whence if the Angle of Eleva- 
tion D A K is half a. right one, the Quadruple of 
GD will be the greateftofall the Amplitudes, whicK 
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can be made with the fame Impetus; and the Am-, 
plitudes of Projedions, which are equally diftant, 
from the Proje(5tion whofe Elevation is half a right 
Angle, are equal : as, for example, the Projtftion in 
the right Lines A E, AC, (the Angles DAE, D AC, 
being made equal) have their Amplitudes quadruple 
of EF, and quadruple of H C, which are equal. 
Befides, the Amplitude of the Projeflion whofe Ele- 
vation is half a right Angle, is = 4GD = 4GB = 
hatus ReSlum of the Parabola. But the perpendica- 
iar Projection upwards, that is, the Impetus of the 
Proje£tion, will be equal to half the Amplitude of , 
the Proteftlon, elevated to half a right Angle, aod 
nude with the fame Impetus. Laftly, to make equal 
Randoms in a Horizontal Plane, there is required a 
left Impetus in the Projection whofe Elevation is 
half a right Angle: for if it is not lefs than the Im- 
petus of another Projection, made in another Di- 
reftion; the Amplitude of the Projection whofe Ele- 
vation is half a right Angle, will be greater than the 
Amplitude of that other Projection. , 
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Cor. 2. Be c A use AK touches the Circle, it will 
be [by 32 El. 3.] the Angle ABE =E A K the An- 
gle of Elevation j and confequencly, the Angle 
AGE isdoube EAK. Wherefore G A, half the 
Impetus, being made Radius, EF the fourth part of 
the Amplitude, will be the Sine of double the Angle 
of Elevation ; and A F, the Height of the Projediion, 
will be the verfed Sine of the Arch A E, or of double 
the Angle of Elevation-, and FB, the Sublimity of 
the Parabola, will be the verfed Sine of the Arch 
B E, or of the Complement of double the Angle of 
Elevation to two right Angles, 

PROBL. IX. 
The /impliiudeAK, and i be ^ngle of Dire£f ion CAK, 

being given ; to find the Impetus of ibe Proje£lioa., and 

the Height A I. 

Take AD the fourth part of the Amplitude ; 
and ereft the Perpendiculars DC, A B ; and make the 
Angle ACB a right one: I fay, AB will be the 



1 
I 




Impetus of the Projedion, and D C will be its 
Height. For becaiife the Angle ACB is a right 
one, the Semi-Circle dcfcribcd on the Diameter A B, 
will pafi through C ; whence [by Corol. i. of the pre- 
ceding 



pre- ^H 
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ceding Problem] the Projeftion whofe Direffion Is 
A C, Impetus A B, will defcribe in its Motion the 
Parabola A M K, whole Height is D C or A I, and 
the fourth part of its AmpiiUide is A D ; wherefore 
converfly the Projcftile whofe DireJlJon is AC, 
fourth Part of its Amphtude A D, will have the Im- 
perils A B, and Height DC. ^ £. D. 

Cor. J . Hen c e from any Horizontal Random of 
any Engine being given, and made at a given Eleva- 
tion ; may be found the Height to which a Ball will 
rife, being Ihotdireftly upwards: to wit, the Impetus 
of the Engine, which in great Ordnance exceeds any 
perpendicular Height to which any Man can come at. 
But the Impetus being given, the Amplitude and ih© 
Height of a Random made from any Elevation, will 
be given: whence may be difcovered, whether a 
Mark, whofe Diftance is known, can be hit by a 
given Engine. 

Cor. 2. I F A D, the fourth part of the Amplitude, 
is made Radius, the Height DC will be the Tan- 
gent of the Angle of Elevation. To ftrike a Mark 
at any given Horizontal Diftarce, it is beft lo keep 
always the fame Angle ofDirefbon, namely, half a 
right one, and to increafe or diminilh the Impetus, 
till the Mark is hit. For the Engine elevated to 
this Angle, requires the leaft Impetus to ftrike the 
Mark: fo that in making thefe Randoms, much 
Gun-powder is (aved. Befides, about this Elevation 
the Randoms are mofl: certain ; for an Error of one 
or two Degrees fcarcc produces a fcnfible Erro^^L 
tlie Projedion. -i^f 

PROBL. X. |H 

The Impetus and Amplitude being given, tojindlht 
DireBion and Height of the Random. 

L E T A B be the Impetus, and A D the fourth 
.part of the given Amplitude; upon the Diameter 

AB 
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AB dcfcribe a Semi-circle ACEB, and er^ the 
Normal DCE, cutting the Semi-circle in the Points 
CandE: I fay, both the Directions, whether A G 
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or A E, will defcribe a Parabola, whofe Amplitude 
■wiJI be A K quadruple of A D. For the Pfojeftiolis 
made with the Impetus A B, in the Direftions A C 
orAE, have the Amplitude A K quadruple ofFC 
or G E, [by ProbJ. S.J but the Height may be either: 
A F or A G, as is manifell. But if the Normal D C 
meets the Circle in one Point only, that is, touches 
it; there will be but one Parabola dtfcribed, and 
that by a Projeffion whofe Elevation is half a right 
Angle : and the propofed Amplitude will be the 
greateft pofiible with that Impetus. If the I^erpen- 
dicular D C does not meet the Semi-circle,- the Pro- 
blem will be impoffible. 

Cor. I F the Impetus oT any Engine is know'n, (as 
it may be found by Corol, 1. of the preceding Probl. 
from any Horizontal Random) by the help of this 
Problem, fuch an Elevation may be given to the En- 
gine, that the Mark placed at any given Horizontal 
Uiitance may be Ikruck \ and of two Dirciftions ?\z 



I 



fbr the purpofe, 

■*hofe Elevation 
proper may be made choice of 
T 



■qua'ily remote from the Dirct^Uori 
is half a right Angle, the more 
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SCHOLIUM. 
The Converfe of the three preceding Probfd 
may, from what has been faid above, eafily and 
without any trouble be folved ; namely, to find the 
Impetus and Direftion, having given the Height 
and Amplitude : alfo from the Impetus and Hci^t 
being given, to find the Direction and Amplitude! 
And laltly, cheDireftion and Height being given, to 
find the Amplitude. So that it is to no purpofc to 
dwell any longer on thefe. 

PROBL. XI. 

I T is fropofed, to find the Ratio helwixt tht Duraticn ef 

a Projection made perpendicularly u^'ardi^ aniefwtlf 

ether ^ wbofe Impetus is the fame. 

L E T A F be the Impetus of the ProjeiWe, or die 

Projefition made upwards, and ABC the Proje£tion 

from any other Elevation AG i about the DiatncBi 




AF dcfcribe a Semi-circle, Cutting the DireAion 
A G in G : I fay, the Duration of the ftojeftion di- 
rcftly upwatds. Or the Time of Afcflnt throi 
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A F, and of Defccnt through the fame, is to the Du- 
ration of the Projedlion in the Parabola ABC, as 
A F to AG. The Time of the Progrefs from A 
intoB, is equal to the Time of the Progrefs from B 
intoCi fo chat the Time through A BC, is double 
the Time of the Progrefs from B into C ; but the 
Time of tiie Progrefs from B into C, is equal to the 
Time of the free Defcpiit in the Perpendicular B D, 
becaufe the progreffivc Motion no ways hinders the 
Defcent arifing from Gravity. So ihzi the Time of 
the Projection through ABC, is double the Time 
of the Defcent through BD, or through its,F.quaI 
EA; fo likewife the Time of Afcent and PcfcfnC 
through FA, or the Time of the Projt'flion iireifl'y 
upwards, is double the Time of D^Tc^-nt tbfuugli 
FA ; wherefore the Time of the Projc-flion upwards, 
wili be to the Time of the Proiedtion in the Para- 
bola ABC, as the Time of Defcent through FA, 
to the Time of Defcent through E A ; that is, in a 
fubduplicatc Ratio of F A to EA; or, by reafon 
FA, AG, EA, are continual Proponionals, as FA 
to AG. ^E.D. 

Cor. The Durations of Projections made with an 
equal Impetus in different Direi5lions AG, AH, are 
in the Ratio of the Chords AG, AH. And if A F 
is made Radius, A G will be the Sine of the Angle 
AFG, which is equal to the Angle of Elevation of 
the Engine : fo that the Timt; of the Projeftion di- 
rcflly upwards, is to the Time ofProjedion in a 
Parabola, as Radius to the Sine of the Angle of Di-' 
reflion. 

SCHOLIUM. 
All the Problems about the Projeftions of heavy 
Bodies made in a Horizontal Plane, are eafily re- 
fb'vcd by the means of a Table of Sines and Tan- 
gents. 

T 2 Let 
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Let a K be the Horizontal Amplitude of anf 
large Piece of Ordnance, elevated to the given Angle 
C A K, there is required the Height of the Pro- 
jeiSion, and the Impetus of the Engine. In the 




Triangle ADC let it be as tlie Radius to t\ 
gent of the Angle of Elevation ; fo is A D, the fourth' 
part of the given Amplitude, to the Height D C. 
AJfo make as the Sine of the Angle of Elevation to 
Radius, fo the Height found DC to AC, which 
therefore will be given j and in the reiftangle Trian- 
gle BCA, make as the Sine of the Angle ABC 
(which is equal to the Angle ofElevationJ to Ra- 
dius, fo AC to AB the Impetus, which confequently 
is known. But the Impetus being given, the Time 
of the perpendicular Projedtion will be likewife given. 
But the Time of the perpendicular Projciflion is to 
tiie Time of the Projeilion in AC, as A B to AC, 
or as Radius to the Sine of the Angle of ElevatioQ \ 
and confequently the Time of Projection in A C 
may be known from a Table of Sines. Hence alfo 
from the Time of any ProjedVion being given, made 
according to a given Elevation, will be given the 
Time of any other Projection, made with the fame 
Impetus. For as the Sine of Elevation of a P^ 




nCea. 
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jedtion, whole Time is known, is to t/ie Sine of ano- 
ther Elevation ; fo is the Time known of one Pro- 
jeftion, to the Time of the other Projedlion, which 
will therefore be alfo knpwn. But from the Ampli- 
tude of one Projeftion being given, made in a given 
Direction, will be given the Amphcude of a Pro- 
jection made in any other Direftion. For making 
l)alf the Impetus Radius, the fourth part of the Am- 
plitude will be the Sine of double the Angle of Ele- 
yaiion i and confcquently the Amplicudes qre 45 the 
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Sines of thcfe Angles. Wherefore if the Amplitude 
in the Direction AG is known, the Amplitude in 
the Direction A H will be given : for make as the 
Sine of double the Angle CAG, to the Sine of 
double the Angle H A C, (b the Amplitude of the 
Projedtion according to AG, to the Amplitude of 
the Projeftion according to the Dircdlion A H ; and 
if from the frapetqs and Horizontal Amplitude being 
given, there is fought the <;orrelponding Elevation^ ■ 
that may be eafiiy difcuvered from the fame Piin- 
cipic. For it is manifcft from Cor. 2. Probl. S. that 
double the Impecu'. is the Amplitude of the Pro-w 
jeftion whofe Elevation is half a right Angle. But; 
tip Sipes of the Elevations doubled are as the Am-. 
T 3 ;p!iliidcs 
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pliuides; wherefore make as double ihe Impetus to 
ihe giVen Amplitude, fo the Sine of double half a 
right Angle, that is, the Sine of ninety Degrees, or 
Radius to anotheri which will be the Sine of two 
Arches, whereof one is the Complement of the other 
to 3 Semicircle: and thefe two Arches halved, will 
give two Elevations, wherewith the given Amplitude 
may be reached. 

The warlike Engines are not always to be fo 
exploded, as the Bullet Ihall fall prccifely in the 
fame Horizontal Plane ; but the Mark is often 
higher or lower than the Ordnance : wherefore in 
the following Problem, a Method is delivered, where- 
by a Mark may be hit, either above or below the 
Horizon. 

PROBL. xir. 

The Bafe of a Parabola^ and a Point through which U 
pajfesy being given ; to find the Dire^ion^ Path, and 
Impetus of the PrejeSlion. 

Let AC be the Bafe of the Parabola, and the 
Point B the Mark to be hit ; from B let fall the 




r 
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Perpendicular BD on A C; take L a fourth Propor- 
tional to the right Lines B D, A D, D C i L will be 
the Latui ReSium of the Parabola. Bifeft A C in E, 
and from E erefl: the Perpendicular EF; let EG be 
a third proportional to the right Lines L and AEj 
G will be the Vertex of the Parabola: and if E G 
is produced, fo that it isGF=GE, and A E be 
drawn, F A E will be the Angle of Dire<2:ion of the 
Engine. And the Impetus wherewith the heavy- 
Body is to be projeiied, will be equal to E G + ^ L. 
Becaufe BD is to AD as DC to L; it will be 
LxBD = ADxDCj fo that [by Cor. Theor. 48.] 
L is t\\tLatm ReHumof the Parabola, paJTing through 
B, whofe Bafe is A C. And becaufe L, A E, EG, 
are Proportionals, it will be L x E G = A E q. Co 
that G will be the Vertex of the Parabola. There- 
fore with the Vertex G, and Laius Return L, a Pa- 
rabola being defcribed, it will he the Path of the Pro- 
jeftion of the heavy Body, that will (trike the Point 
B. And the Impetus of the Projctflion is equal to 
EG-lr-i^L: but the Angle of Elevation isFAE. 

You muft proceed after the fame manner, if the 
Point ^ is below the Horizon; for if from ^ be let 
fall the Perpendicular bdon AC produced, and L is 
taken a fourth Proportional to li J, Ad, dC, L will 
be the Laius Rc-^um of the Parabola pafTing through k 

Cor. AE bdng made Radius, E F or the Double 
of E G will be the Tangent of the Angle of Eleva- 
tion; fo that if it be made as AE, which is givm, 
roEF alfo given, fo Radius tu rhe Tangent of the' 
Angle F A E, the Angle of Elevation wiii be given. 

P R O B L. XIII. 

The Impetus being given, to find the DireSiion according -I 
to wbkb a heavy Body being proje^ed, that Body tnay[ 
bit a given Point. 

T 4 ^ET 
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Let M be the- given Impetus, and B the Point 
through which the Projcftile ought to pafs, whoft 
Diflaiice A B from the Point A is given ; fron 
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the Horizontal Line AC let fall the Perpcndic 
B D, in whicli produced take D G =? 2 M, and with' 
the Center G and Interval G B defcribe a Circle, 
which let the right Line B K = A B touch in B. 
From K upon B K ereft the Perpendicular K H^ 
meeting the Circle in two Points H, H: from which 
on the Diameter L B let fall the Perpendiculars H E, 
HE, and draw the right Lines AE, AE, which 
will be the two Direftions fought: that is, a Pro-' 
jeftile emitted in the Direction A E with the Impetus 
M, wilt pafs through the Point B. For it is A D q. 
H-BDq. = ABq.=:BK<K=EHq.= (from the 
Nature ofa Circle; L Ex EB = LBxEB — EBq. 
= 4MxEB — 2DBxEB — EBq. Wherefore 
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Jtwiir be 4M xEB=:(ADq.+ BDq. +2BD 
xEB + EBq. = ADq. ^-DEq.=) AEq. ' But 
the Parabola defcribed by a heavy Bbdy, projefted 
in the Direftion A E, with ;hc Impetus' M, will fo 
cut the right Line D E, chat it is 4 M x E B = A E q. 
(as is manifeft from Cor. 2. Theor. 51.) Wherefore 
the Point Bis in the fame Parabolai and the heavy 
Body projefted with the Impetus M, in the Di- 
icftion A'E will pafs through &.- %E.D. 

Cor. 1 F H K meets the Circle in one Point only, 
that is, if it touches the Circle, there will be only 




one Direction that will fatisfy the Condition. But 
if it docs not meet the Circle at all, the Problem 
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wUl be impolBble ; that is, the Point B cannot be 
hit with the given Impetus. And if KH touches 
the Circle, that Impetus will be the ]eaft of aU, 
wherewith the given Point can be hit. And in that 
Cafe it will beBKorAB = BE orBG = 2 M— 
DB; fo that it will be BE-I-BD or DE=zM. 
The lead Impetus therefore, wherewith a given 
Point may be hit, wilt be equal to half DE = 

i and D A being made Radius, D E wiJ] 

2 

be the Tangent of the Angle EAD, that is, of the 
Angle of Elevation. Wherefore if it be made as 
A D to D E, or to A B H- B D, fo Radius to a fourth 
Proportional ; the Tangent of the Angle of Direclioo 
will be given, according to which if the Projeftion 
is made, the Point B will be hit with tlie lealt Im- 
petus of all. 

But that Angle of Dlreftion is much cafier found, 
by biftfting the Angle NAB, contained betwixt the 
Perpendicular A N and the right Line A B. For the 
right One A E bifefling this Angle, will be the Di- 
rection of the Projcftion. For becaiife the Impetus 
is the leail: of all, A B will be equal to EB; andcon- 
fequently the Angle BAEwillbe equal to the An- 
gleBEA=NAE, (byreafonDE, AN, are pa- 
rallel) fo that the Direftion of Projcftion made with 
the leaft Impetus, will bifeft the Angle NAB. 
Wherefore if to the Engine there is 6xed a Lookmg- 
Glafi, whole Plane fliall be perpendicular to the Axis 
of the Engine or the Line of Direftion ; the inci- 
dent Ray B A will be reflected inco the Perpendicu- 
lar A N, and by the means of this LookJng-GIaJs 
the Engine may be eafily diredled in fuch a manner, 
as it may ftrike the Mark with the leaft Impetus. 
For the Engine is to be elevated or deprefled, nil 
ihe Image of the Point B, made on the Plane of the 
Lookihg-GIafs, may be feen in the Perpendicular 

NAi 
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N A: for by rcafon the Angle of Incidence BAE 
is «Qual to the reflefted Angle NAE, the Angle 
NAB will ^x bifeacd, and AE wifl be the Hi* 
v^on of the En^ne, vrhen the Point B may be ii^ 
^jlpjitlie Jeall Impetus. 




THE 




THEORY m" 

Of the Famous 

Monf. HUTGE N S,\^ 

CONCERNING 

The CentrifugalForce, 
Circular Motion, 

DEMONSTRATED. 



; FIRSt communicated the Bemenftraliom 
of the fo'.lo-djing 'Theorems to the Leariud 
i IVorld; for their Author publifhed them, 
: without any Dcmonflration. But after'iards 
lie fame Theorems were demonfirated by feme 
French-men, but not in the fame Order ; and mw at 
length the Author'' s own DemonflralioHS are publifhed m 
hii Pefih'-imous Pieces, which though they are indeed very 
fhcrt,yet they are more prolix than ours. Butjhue theft 
theorems make no mean Part of the Science of Motion, 
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w£ hxve thought fit to join their Demonfiratiom to this. 
Pvork ; that the Comtnonwealih of Learning mayfiehow. 
much the Mechanical Pbilofophy is capable of being im-, 
f roved hy Geometry. 

Tiijin, I . SBBW Eii! Centripetal Force is that 
Force, whereby any moving BoJy 
is continually drawn from its rcdti-, 
linear Motion, and is perpetLially 
follicited towards fome Center. For fince. according 
to a well-known Law of Nature; every Body once in 
Motion endeavours to proceed always uniformly in 
the fame right Line, it is manifcfl: no moving Body 
can defcribe an Orbit in its Motion, unlefs it is de- 
tained in thai Orbit by 
ibme Force. For ex- 
ample, let a moving 
Body rcvoive with a 
uniformMotion in the 
Circumference of the 
Circle ACE, which 
when it comes to A, 
if the Force that kept 
it in the Orbit is ta- 
ken away, it will pro- 
ceed along the Tan- 
gent AB, and runout 
in infniittm : that it 

therefore may be detained In the Circumference, it is , 
ncceflkry that fome Force continually afts, and which 
is equivalent to the Force in A folliciting the Body 
towards D through a Space equal to B C, in the mean 
lime whilft the moving Body by its innate Force pro- 
ceeds through the inlinitely fmail Space A B : For 
after this manner, by thelc Forces joined together, 
the moving Body will defciibe the Line AC piy 
Tiieor. 30.] This Force, whether it is the Adion ofa 
2 String 




I ; 
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Scring holding the Body, or its Coherence with ano- 
ther revolving Body, or whether it ariles from Gra- 
vity or any Attra6tion whatibcver, it may be called a 
Centripetal Force. 

2. A Centrifugal Force is the Re-a£lion or 
Rcfiftance which a moving Body exerts to prevent 
its being turned out of its way, and whereby it en- 
deavours to continue its Motion in the fame Di- 
reftion : and as Re-a£tion is always cqua!, and con- 
trary to A6tion, fb in hke manner is the Centrifugal 
to the Centripetal Force. This Centrifugal Force 
arifes from the Vis hefti.e of Matter, and when a 
Body revolving in the Circumference of a Circle, is 
detained by the means of a String from running out; 
the String is ftrctched by this Centrifugal Fora : 
which String, by the fame Endeavour of relaxing 
itlelf, equally follicits the Body towards the Center, 
and the Center towards the Body. 

Since the Centripetal Force is proporiionable 
to the Space that the Body, by the Sollicitation of 
that Force, defcribes in a given Time ; it is manifcft, 
that the Centripetal, as wclJ as the Centrifugal Force, 
may be reprefented by the nafcent Lines B C ozbc: 
for whilft the Body defcribes the infinitely fmaJI 
Tangent A B, the Space that in the mean time tt 
pafles through by the means of the centripeta] Force, 
will be equal to B C. But we have demonftrared 
(Left. 4.) in nafcent or infinite fmall Lines A B, AC, 
that BC is infinitely Jefs than A B or A C. Whence 
the Centripetal or Centrifugal Force will be intuitl 
lefi than the communicated Force A B. 



LEMMA I. 

Is a Circle the evanefcent or infinitely fmall Subtenfes ef 
the Angle of Coria£ly are in a duplicate Ratio of the 
centerminal Arches. 



1 



J 
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Let the Arches be A C, A f , the Subtenfcs per- 
pendicular to the Tangent B C, B ( ; draw the Dia- 
meter AD, and Cot, en. Perpendiculars to the Dia- 
mcieri and it will be B C: be:: Am: An :: Am » 




Cor. Hence ic is BC = 



\ AD: AnxAD. But It is [by S £/. 6.] AD: AC;: 

' A C : A w, and AD;Af::Af:AHj wherefore i& 

■will be ADx A«j= ACq, andADxA«=Acji 

I therefore it is a!foBC:^<:;: AC j: ACj. ^E.D. 

^ ACq 

"da' 

This Lemma the Great Sir Ifaac Newton has uni- 
\ •oerfally demonftraled in all Curves ofthefirjl Order. 

THE OR. I. 
I F /wff ei^ual Bodies in Motion run tbrsugb unequal Cir- 
eumference in equal Times ; the Ceiuri/ugal Force in 
the greater Circumference, -will be to that in the lefs, 
as the Circumferences amongfi themfelvesy or their 
Diameters. 

Let the Body in motion A run through the Cir- 
■ cumference ACH» and in the fame Time let the 

Body 
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F 

■ Body a run through the Circumference acb -, and let 

B AC; at be the inBnitely fcnall Arches defcribed in 

m the fame Time. Becaufe both Circumferences j 

I 

mn through in an equal Time, thefe Arches will 
be fimilar, and confequently the Figure ABC will 
b^ fimilar to the Figure a i' f ; wherefore BC:^£:; 
AC: <zc : : Circumference ACH: to Circumference 
dch. But it is manifeft from the foregoing Definition, 
that the Centrifugal Force of the Body A is to the 
Centrifugal Force of the Body «, as B C to ^ c. Where- 
fore the Centrifugal Force of the Body A will be to 
the Centrifugal Force of the Body a, as the Circum- 
ference ACH to the Circumference aeb^ or as the 
Diameter of that to the Diameter of this. ^ E. D. 
Cor. He N c E converfly, if the Centrifugal Forces 
are aS their Diameters, the Periodical Times will be 
equal. 

THEOR. II. 
I F two equal Bodies in Motion are carried in unequal Cir- 
cumferences iLilb an equal Celerity^ their Centrifugal 
'Forces -will be in a reciprocal Ratio of the Diameters. 




Le r 
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, LetAC, tff, be che Icaft Arches defcribed in the ' 
, Jkmt Time, which, by reafon the Velocity in both 
■ the moving Bodies is equal, will be equal. Make 




the Arch Amrimilar to the Ardhdf, atid draw I tit 
parallel to BC; and the Gentriftiga] Force in the 
greater Circumference will be to that which is in 
the lefs, as the nalcent Line B C to the rafcent Lind 
he: butBC is to ^c in a Ratio compounded of BC 
to /wand Imto hc\ and from the preceding Lemma, 
B C is to /;», as ACjtoAwj^, and /ra is ro ^ c as . 
Aw to (If or AC, Wherefore it will be B C : i f : i 
ACj:A»ijH-Affl:af::AC2:A»)j+Amfi \ 
Amxaci: A C q or a c q : A. ^x a c : : a c : K m ; that 
is, as the whole Circumference a c h to the whole 
Circumference A C H, or as the Diameter ab to the 
Diameter A H. ^ E. D. 

THEOR. III. 

1 1' (wo equal moving Bodies ere carried in equal CircutH- 

ferences, but both wiib an equable Motion^ {as wv would 

he underjiaed to mean in all) the Centrifugal Forci cf 

U ikt 
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thefwifter will be lo the Force of the Jlower in t 
plicate Ratio of the Celerities. 

For the Centrifugal Forces are as the evanefceni 
iubtenfes of the Angle of Contaft, which (by what 
we have already demonftrated) are in the fame or 
equal Circles in a duplicate Ratio of the conterminal 
Arches; but the conterminal Arches, fmce they are 
the Spaces defcribcd in the (ame Time, are as tht 
Velocities: wherefore the Centrifugal Forces are in 
a duplicate Ratio of the Velocities. ^ E. D. 

THE OR. IV. 

I F two equal Bodies in motion^ carried in unequal Cm 
ferences, have their Centrifugal Forces equal j the I 
of the Revolution in the greater Circumference, will be 
to the Timeef the Revolution in the kfs^ in afuhduf!^^^ 
cats Ratio of the Diameters. 

Let AC, a f , be the leaft Arches defcribed I 
feme Time; (/ff Fig.Theor, 2.) becaiife the C(K! ^ 
fugal Forces are equal, it will be BCrzir. \jzi 
the Time wherein the Circumference A C H is de- 
fcribed, be called T, and the Time wherein the Cir- 
cumference ach ii defcribed, be;.- make the Arch 
A m finiilar to the Arch a c, and let us fuppofe any 
moving Body to run through the Circumference 
A C H A in the fame Time, as it would run through 
the Circumference ac ha; and in that Cafe the Arches 
tlefcribed in the fame Time in both Circumferences 
will be Am, ac. But the Velocity of amovingBody 
pafling through the Arch A m in any given Time, is 
to the Velocity of a moving Body pafiing through 
the Arch A C in the fame Time, as the Arch Am to 
the Arch 'AC: fo that fince the Time wherein the 
J-:me Circumference is run over, is always rccipro- 
ca'ly as the Vebdry, ie^will be T : / : : A w : A'C, 

and 



thejS^\ 
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,kndT*:/*:: A»j{: AC?::j»/; BC ::»)/: ^t; that 
IS, by rcafon the Arch A M is limilar to the Arch ac, as 
the Diameter A H to the Diameter u -6 : whence ic 
is manifeft, that T : / : : ^ A H : v^ a A. ^E.D. 

Schoi Since in every Cafe the CcntriUigal Force 
is to the Centrifugal Force as B C to ^ f, but it is 
ACo 
AH ab 

AC? 
will be to the other Centrifugal Force as ■ ; i, n 

15i 
ab 

in the fame Time applied to the Diameters of the 
■ Circles. And fince thofe Arches are as the Velo- 
cities, the Centrifugal Forces will be as theSqu-ires 
of the Velocities apjjlied to the Diameters of the 
Circles. 

LEMMA II. 

•\f a moving Bcdy revolves in the Circumference of a Cir- 
cle, the Space, which the moving Body proceeding for 
wards, andonly the Centrifugal Force arijing from that 
circular Motion taking flace^ would run over in a given I 
Tiaie, will be a third Proportional to the Diameter of A 
the Circle and that Arch, which if it was carried in \ 
the Circumference of tbs Circle it liculd defcribe in ths ' 
feme Time. 

Le t AC be any Arch defcribed in any the leall '] 
Particle of Time, and let p denote any Tunc or any 
Nuniberof thofe Particlts, «x AC will be the Arcn ] 
which the moving Body carried in the Circumference 
will defcribe in the given Time n, and B C the 
Space which it would run over in the fiilt Particle 
of that Time, the Cfncnfiigal Force taking place. 
But fince every Bydy in motion, by the idiiie Forpe 
U 2 con- i 



\ 
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continued always in the fanae Direifljon, defcribrt 
Spaces in a duplicate Ratio of the Times, [by Cor. 3. 
Theor. 12. Left. 11. for whatever is demonftraied 
of Gravity, may be applied to any other Force aft- 
ing uniformly] the Space defcribed, the Centrifugal 
Force afting, in the Time n, will be = » * x B C, 
But (as is manifefl from the firft Lemma) it is A H : 
AC:: AC:BC, andas ACtoBC, fo sxACto 
«xBC. Wherefore AH istoAE as»xAC to 
w X B C; and by multiplying the Confcquencs by », 
AHwillbe to »x A Cas «x AC to « * xBC: that 
is, the Diameter of the Circle, the Arch defcribed 
in a given Time, and the Space which, the Centri- 
fugal Force afting, is run over in the fame Time, 
are continual Proportionals. ^ E. D. 

Cor. If the Diameter of the Circle is called D, 
and the Arch defcribed by the moving Body, m any 
Time A, the Space which the moving Body, the 
Centrifugal Force afting, proceeding forwards would 

defcribe in the fame Time, will be -^r— , for D,. 



« 



A 1 

-— ., are continual Proportionals. 

THEOR. V. 

I F a moving Body is carried in the CircttPlferetiee ef* 
Cirdfj tvf lb the Celerity which it has acquired hyfdlit^ 
from a Height that is equal to a fourth Part of the 
Diameter, it will have a Centrifugal Force equal tf 
its Gravity ; that is, it willjiretch the Stringy wbereif 
it is kept to the Center, jufi as much as if it otjj Jkf- 
fmded by it. 

Let the Diameter of the Circle be called D, and 
the Circumference P; and fince, by Hypothefis, the 
Velocity of the moving Body carried in the C" 
cimferencc is uniform, and equal to that whn 
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acquires by falling through 4 D, it is certain that 
the moving Body carried in the Circumference will 
defcribc in an equal Time an Arch equal to twice 
that [by Theor. 12. Led:. 11.] that is, =r 4-0 j whence 
[byLemm. 2,] the Space pafled over in the mean 
while, by the aftrng of the Centrifugal Force, will 
be = 4 D. For D is to 4 D, as 4 D to -^ D : but by 
Hypothefis the Space that the moving Body by the 
Force of Gravity defcribes in the fame Time, is alfo 
-i D. Wherefore fmce the Spaces run over by thefe 
ivvo Forces in the fame Time, are equal, the Forces 
ihemfelvcs will be likewife equal. 

Cor. I, tj E Nc E converfly, if a moving Body car- 
ried in the Circumference of a Circle has a Centrifugal 
Force equal to its Gravity, its Velocity is that which* 
is acquired by falling through ^ D. 

Cor. 2. Hence the Time of a Revolution is to the 
Time of Defcent through ^ D, as P to | D, or as 
2 P to D. For in the Time a moving Body, with an 
accelerated Velocity, runs over ^ D, it will, moved 
uniformly with the Velocity acquired at the laft, run 
through 4 D : and confequendy fince the Velocities 
are equal, the Times will be as the Spaces run over j 
that is, the Tinie wherein the moving Body runs 
through the Circumference, is to the Time wherein 
it deicribt's 4 D, as P to-J-D, or as iPtoD; but 
the Time wherein 4 D is defcribcd, is =, Time of 
the Fall through -J D : whence the Time of the Re- 
volution will be to the Time of the perpendicular 
Fall through 4 D, as 2 P to D. 

THEOR. VI. 

I N the concave Superficies of a. ParaboUck Ccneid, wbkh I 

has its Axis ereSied perpendicularly , all the Revolutions' * 

of a moving Body running through the Circumfervjces. 

parallel to theHorizon^ whether they are fiaaU.or greai, J 

U 3 are] 
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performed in equal Titnei ; each of vihicb Ijmis^ 
are equal to two Ofcillations of a Pendulum^ whofi 
Leng.b is half the haxus ^t&.um of the generattag 
Parabola. 

Let HGADEbe a Parabolick Conoid, whofe 
Axisereifted perpendicularly is A Pi G D, HE, ihc 
Diameters of Circles, whofe Circomtcrenccs parallel 
to the Horizon the movirg Body runs through} 
which therefore will be foliicitcd by tnree Powers 
mutually equivalent to each other, afting in three 
different DiretSions : whereof the firft is the Force 
of Gravity impelling the moving Body m the r gfil 
Line H N perpendicular to the Plane of the Hori- 
zon ; the fecond is the Centrifugal Force ariltng from 
the circular Motion, folliclting the moving Body 
from H towards K -, but the Place of the third 
Power is fupplied by the Refiftance or contrary En- 
deavour of the Farabojick Superficies, according to 
the Line H P afting perpendicularly ro it ; for Ue- 
aftion is always equal to Aftion, and towards the 
contrary Part. Whence fincc the Superficies is prcQed 
perpendicularly by the moving Body, it re-acbon 
the Body according to the Diredion HP, and that 
contrary Endeavour is equivalent to the Power folli- 
citing the moving Body according to the Dircftion 
H P. Wherefore (ince the moving Body is foftaincd 
by thefe three Powers, they muft be neceflarily in 
^quilibrio^ that is, any two dtftroy the Effeil of the 
ether. Whence O N being drawn parallel to H K 
meeting H N in N, if O H reprefents the Rc-aftion 
of the Parabotick Superficies, the right Line O N 
will expound the Centrifugal Force, and H N the 
Force of Gravity of the moving Body: But by rea- 
fon the Triangles HON, HMP, are cqui-angular, 
O N is to H N as HM to MP ; that is, the Cco-^ 
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fugal Force of the moving Body defcribing the Cir- 
cumference of the Circle H M E, will be to the Force 
of its Gravity as H M the Radius of the Circle, to « 
M P the Subnormal. In like manner, in any other 
Circumference G L D. in the Superficies of (he Co- 
noid, the Centrifugal Force of the moving Body de- 
fcribing it, is to the Force of Gravity as G B the 
Radius, toBQ^the Subnormal. Moreover, becaufc 
the Centrifugal Force of the moving Body running 
over the Circumference H M E, is to the Force of 
Gravity as HM to MP; and the Force of Gravity 
of the fame moving Body, is to its Centrifugal 
Force, when it runs over the Circumference GLl), 
as BQ^toBG, or Cfrom the Niiture of the Para- 
bola) as M P to BG: by Equality, the Cencrifdgil 
Force of the moving Body running over the Circum- 
ference H M E, will be lo its Ccncrifiig,it Force v 
it runs over the Circumference GLD, as H M ti ^ 
B,G; that is, the Centrifugal Forces are as th- 
Semi-diameters or Diameters of the Circles whence 
[by Cor. Theor. i.J the Periodical Times are equal. 
Which was the firil thing ro be detnonftrated. 

U 4 I*E 
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Let the Circle GLDbefo taken, thai its DU- 
meter G D be equal to the Latus ReSiutft of ihc Pa- 
rabola H A E ; whence from the Nature of the 
ParaboJa, ic will be GB = BQ: So that the Cen- 
trifugal Force of the moving Body in the Circum- 
ference GL D will be equal 10 the Force of Gravity. 
Therefore [by the preceding Corol.] the Velocity of 
the moving Body in tlie Circumference GLD, is that 
which is acquired by falling through a Space equal 
to -i GD, or (from the Nature of a Parabola) 
thioughBA. Now let OS T be a Cycloid, whofc 
Axis or the Diameter of the generating Circle SR 
is equal to A B, and the Time ofDelcent through the 
Cycloid O S will be to the Time of the perpendicular 
Fall through the Axis RS, or throL7gh BA, as 4 P. 
to D, by Theor, 46. Left. 15. But [by the pre- 
ceding Corol.] the Time of Defcent through A B is 
to the Time of the Revolution in the Circumference 
GLD as D to 2 Pi wherefore, by Equality, the 
Time of Defcent through tlic Cycloid O S, is to tlic 
Time of a Kcvolution m the Circumference GLD 
as 4 P to 2 P, or as i to 4 : whence- the Time of 
four Delcents in a Cycloid, or the Time of two 
Ofcillacions in a Cycloid, is equal to the Time of a 
Revolution in the Circumference GLD. But the 
Tim:; of two Ofcillations in a Cycloid, is equal to 
ilie Time of two the leaft Olcillations in a Circl?, 
which is of the fame curvity with the Cycloid at the 
Vertex Si by reafon a Portion of fuch a Cirde ' and 
a Portion of the Cycloid nearly coincide at the Ver- 
tex S; and conftquently in Phyfical Matters perform 
the fame EfFed, as is row well known. But the 
Radius of a Circle of the fame degree of curvity 
with the Cycloid at the Vertex S, is equal to twice 
RS, or twice A B, (as cafily follows from Cotol, 
Theor. 46. Led. 15.) So that the Length of a PeffJ 

litJjl'^ 
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duliim ofciilating ip that Circle, is equal to twice 
A B, or to iialf t!ie Lalus ReSum of the generating 
Parabola. Whence the Time of two the leall Ofcil- 
lations of a Pendulum, whofe Length is half the 
Lalus ReSlum, is equal' to the'Time of two Ofcilla- 
tions in the Cycloid O S T, or to the Time qf a Re- 
volution in the Circumference GLD, or inihe Cir- 
cumference H M E. i^ £. D. 

G?r. Hence if a moving Body is carried in the 
Circumference of a Circle with the Celerity that is 
Required by falling through -^ of the Diameter, the 
Time of a Revolution will be equal to the Time of 
two the leaft Ofcillations of a Pendulum, whofe 
Length is the Semi-d>amecer of the Circle. 

THE OR. VII. 

I F t!WO Bodiej, fiifpendedbyunequal Strings, do Jo revolve^ 
' ' that they run over Circumferences parallel to the Hori- 
zon, the Top of the Strings remaining fxed, but the 
Heights of the ConeSy whofe Superficiei are defcriled by 
ibis Motion, Jhall be equal ; the Times alfo of the Re- 
volutions will be equal: 

Let A BE be the Cone, whofe Superficies the 
String A B defcribes ; alfo A D L the Cone whofe 
Superficies is delcrilwd by the String AD: and let 
C be the Center of the Bafe of both Cones, and 
AC thfir common Height. Now let the moving 
Body " B be confider'd as drawn by three Powers 
mutually equivalent to e^ch other: wlKteof one, 
which is the Force of Gravity, draw.s the moving 
Body in the right Line gO perpend iciikr to the 
Plane of [he Horizon, the other aiding according to 
the' Direifljon Bw, is the Centrifugal Force whereby 
the moving Body endeavours to recede from the 

Center 
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Center C of its Orbit; but the third, which is equi* 
valent to and refifts the other two, is the contrary 
Endeavour of the String afting accordbg to the Di- 
rcdion A Bj for the Tenfion of a String is inftead of 
a contrary Powcr^ and in this cafe performs the 
fame effect. If therefore B F reprefents the AfftioD 
pf the String, [he Centrifugal Force of the moving 




Body, and its Force of Gravity, will be expounded 
by the right Lines FG and BG, [by Theor. 28. 
LcJt. 14.] that is, the Centrifugal Force of the 
moving Body B, will be to the Force of Gravity as 
FG to BG, or (by reafon the Triangles FBG, 
A B C are equi-angular) as B C to C A. After the 
fame manner, the Force of Gravity will be to (he 
Centrifugal Force of the moving Body D, as A C 
to D C: wherefore, by F^ualuy, the Centrtfu^l 
Force of the moving Body B, will be 10 the Centri- 

fagal 
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fpgal Force of the moving Body D, as B C to D C ^ 

jhat is, ihe Centrifugal Forces are as the Semi- 
diameters of the Circles, whofe Circumferences the 
moving Bodies defcribe, and conleqyently [by Cor. 
Theor. i.] the Times of the Revolutions are equal. 
^E.D. ■ 

Cor, Hence the Centrifugal Force is to the Force , J 
of Gravity as the Semi-diatneter of the Bafe of the I 
Cone to the Height of the Cone. 

Notey By the Force of Gravity and the Centri- 
fugal Force in this Demonftration, we underftand 
the accelerating Forces of the moving Bodies, unlets 
thofe Bodies are fuppofed equal ; in which cafe may 
be alfo taken the abfolute Forces. 

THEOR. VIU. 1 

If two Bodies, as before, revolve with aCom'cal Mothft, 
'/upended by equal or unequal Strings, and the Heights 
ef the Cones are unequal, Ihe "Times of the Revolutions 
will be in a fuhduplieate Ratio of their Heights. 

L E T B and G be the two moving Bodies, and let 
firft of all the Cones A B D, E G H, whofe Super- 




Be^ 
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ficics are delcribcd by the Srfing5, be Gmilar j [by 
Corol. Theor. 7.^ the Ccatrifltga! Force of the moving 
Body B win be to the Force of Gravity as B C to 
A C 1 and the Centrifugal Force of the moving Body 
G will be to the fame Force of Gravity as G F to 
FE. But by reafon the Triangles ABC, GEF, arc 
equi -angular, BC is to AC asGF to F E : where- 
fore the Centrifugal Force of the moving Body B 
■will be to the Force of Gravity, as the Centrifu^ 
Force of the moving Body G to the lame Force of 
Gravity, and confequently thefc Centrifugi! Forces 
will be equal. Therefore, [by Theor. 4.] the Times 
of the Revolutions of the moving Bodies will be in 
a fubdujjlicaie Ratio of the Semi-diameters; thac is, 
by reafon the Triangles ABC, EGF, are equi- 
angular, in a fjbduplicate Ratio of the Heights AC 
and EF. But whatever the Cones arc, which the 
Strings defcribc, fo that their Heights remain un- 
altered, the Times of the Revolutions will remain 
unchanged ; wherefore in every cafe the Truth, of 
this Theorem is manifeft. ^ E. D. ^^ 

THEOR. IX-. -^M 

I F « Pendulum carried in a Conical Motion maket very 
Jmall Revolutions ; the Times of each of ihem have to 
the Time of the perpendicular Fall from twice tin 
Height of the Pendulum, the Ratio, which the Circum- 
ference of a Circle has to its Diameter : and confequetufy, 
ihey are cqiial to the Time of two very fmalt lat trtj' 
Ofcillatiens of the fame Pendulum. i^^l 

Let ADB be a Cone, whofc Superficies ufljl 
fcribcd by a Scring, and let ics Height be A <■ neaiJf 
= A B, becaufe Hx. Revolutions are exceeding fmall. 
With the Semi-diamcccr GH = Af dcfcribe 
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Circle GLFO, and let a Body be fuppofed to re- 
volve in its Circumference, with the Celerity that is 
acquired by falling through -J of its Diameter or -i D. 
[By Theor, 5,] its Centrifugal Force will be equal 10 
its Gravity 1 but the Centrifugal Force of the moving 
Body B is to the Force of Gravity, and confequendy 
to the Centrifugal Force of the moving Body carried 
in the Circumference GLF, asEfto Ac orGH: 
wherefore the moving Bodies B and G, fince their 
Centrifugal Forces are as the Radii, will have eqtial 
Times of Revolutions, [by Cor. Theor. i.] But the 
Time of Defcent through G F or D, is to the Time 
of Defcent through i D as D to 4 D, [by Cor. Theor. 
12 Left. 1 1.] and the Time of Delcent through ^ D 
is to the Time of a Revolution in the Circumference 
GLG, as ^ D to P. Wherefore, by Equality, the 
Time of Defcent through D will be to the Time of 
a Revolution in the Circumference G L F, or to the 
Time of a Revolution of the Pendulum A B f D as 
D to P. The latter part of this Theorem is mani- 
fefl from the Corollary of Theor. 6. 

Cor. Hence fince the Time of the perpendicular 
Fall is in a fubduplicate Ratio of the Space pafied 
ever by a falling heavy Bodv, the Time of Defcent 

froSa 
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from the Height of a Pendulum -will be to the 
of an exceeding fmall Revolution as D x </ J to Pj 

THEOR. K; 

I F s moving BoJy is carried in a CirciOiferehce, anS' 
forms each Revolution in the Time wherein a PendU- 
ium, having its Length equal to the Semi-diameter ef 
that Circumference, fiall finijh a very fmall Revolution 
in a Conical Motion^ or twice an exceeding fmall lateral 
Ofcillation ; that moving Body will have a Centrifugnl 
Force equal to its Gravity. 

Because the moving Bodies B, G, (by Hypo- 
thefis) perform their Revolutions in equal Times, 
[fee Fig. of the preceding Theor.] the Centrifiigal 
Force of the moving Body B will be to the Centri- 
fugal Force of the moving Body G, as B C to G H, 
or BC to AC; but it is as BC to A C, fo the Cen- 
trifugal Force of the moving Body B to the Force erf 
Gravity, [by Cor. Theor. 7.] wherefore (by 9 El. 
the Centrifugal Force of the moving Body G wJH 
equal to tlie Force of Gravity. ^ E. D. 

THEOR. XI. 
The Times ef the Revolutions of any Pendulum carried 
with a Conical Motion, will be equal to the Time of the 
perpendicular Fall from a Height equal to the String of 
the Pendulum •■, when the Angle ef Inclination of the 
String to the Plane of the Herizonwill be nearly 2 degr. 
54 min. But exaSly, if the Sine of that Angle Jball 
be to Radius as a Square infcribed in a Circle to the 
Square of its Circumference, 

L E T the Pendulum, whofe Siring defcribes ihc 
Conical Superficies CAD, be fuch, as ihe Siq 
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the Angle ACE (hall be to Radius (that is, A E to 
A C) as 4 D * to P \ Let alfo A F G be the Super- 
ficies of a Cone, which the String of the Pendulum 
defcribes carried with an exceeding fmall Motion, 
whofe Height therefore is AB = AF— AC. The 
Time of a Revolution of a moving Body F, will be 
[by The or, 8,] to the Time of a Revolution of the 
moving Body C, in a fubdupiicate Ratio of A B, or 
AC CO AE: but it is as AC to AE, fo (by Hypo- 
thefis) P ' to 4 D ' ; wherefore the Time of a Revo- 
lution of the moving Body F, will be to the Time 
of a Revolmion of the moving Body C, in a fob- 
duplicate Ratio of P * to 4 D *, that is, in the Ratio 
of P to D X v^ 4. But it is as P to D x v^ 4, fo [by 
Cor. Theor. 9,] the Time of the leaft Revolution, 
chat is, the Time of a Revolution of the Body F, 
to the perpendicular Fall from the Height of the 
Pendulum : wherefore the Time of the Revolution 
of the moving Body F, has the fame Proportion to 
the Time of the Revolution of the moving Body C» 
as it has to the Time of the perpendicular Fall from 
a Height eqijal to the Length of the Pendulum 
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confcqucnily [by 9 El. 4,] the Time of the Revolu^ 
tion of the moving Body C; will be equal to the 
Time of the pcrpendicuJar Fall from a Height equal 
to the Length of the Pendulum. ^ E. D. 

But fince P is to D nearly as 314 to 160, P* 
win be to 4 D ' as 9S596 to 5000. But A C is to 
A E, from the foregoing Demonftration, as P ' to 
X D * ; wherefore 98596 is to 5000 as A C to A E ( 
and as AC to A E, fo is [by Trigonometry] the 
Sine of the Angle A EC, or Radius 1 00000 tO the 
Sine of the Angle ACE; but 98596 is to 5000 as 
100000 to 5070, which therefore is the Sine of the 
Angle ACE, to which neariy anfwer 2 D^ecs 
54, IMinutcs. 



THEOR. XII, 







If two Pendulums equal in PTeigbi, hut having 
Strings unequal^ do revolve in a Conical Motion^ and 
the Heights of the Cones are equal, the Forces lebere- 
'usith tb^ Jtretcb their Strings, will be in the fame 
Raiioy as is that of the Length of the Strings. 

This is manifeft from Theor. 7. For the Force 
of Gravity in both the Cones, is to the Tenfion 
of the String, as the Height of the Cone to the 
Length of the String ; and fincc the Height of the 
Cones is the fame, it is evident that the Tenfions 
of the Strings are proportionable to their Lengths. 
^E.D. _ 

THEOR. Xlll. ^M 

I F aftmple Pendulum is moved with the greatefi taterat 
Ofcillation-, that is, if it defcends through the whole 
^adrant of a Circle^ u-hen it fhall arrive at the 
loweji Point of the Circumference^ it will dram its 
String 
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- String with triple a greater Force ^ than if it was orily 
Jtmpy fufpended by it. 

Le T AB be a Pendulum moved through the 
•Quadi^nt FB, bifecl AB in C, through which 
draw C E • perpendicular to A B, and meeting the 
Qrcunnfcrenee m -E. If the PcndaJum dtitended 




^ 



t)nly through the Arch EB, it would acquire in the 
Point B the fame Velocity, as if it had defcen: ed 
through C B =: I of the Diameter [by Corol. • . Prop* 
38. of the i5thLe(9k>] fo that [by Theor. 5.] it wi!l 
have in the Point B a. Centrifugal Force equii to its 
Gravity : and confcqucntly the Gravity and the 
Centrifugal Force joined together, will draw the 
String with twice t greater Force, than it would 
be drawn by the .Gravity alone. ■ But if the Pen- 
dulum is raifed to F, after .its Defcent to B, it v^^ill 
acquire the fame Velocity, as if it had fallen 
through A B. But A B is to B C in a duplicate Ra» 
tio of the Velocity acquired in the Diifcent through 
A B, to the Velocity acquired in the Defcent 
through B C ; wherefore alfo A B will be to B C 
[by Theor. 3.] as the Centrifugal Force. of the 
moving Body in the Point B after the Defcent 
through F B, to the Centrifugal Force in the Point 
B, after the Defcent only through E B. So that 

X . ^hs 
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the Centrifugal Force of the moving Body afw 
ihe Defcent through F B, will be double the Cen- 
trifugal Force after the Defcent through E B j that 
is, the Centrifugal Force in the Point B, after the Fall 
through F B, will be double the Force of Gravity. 
Wherefore the String, by the Centrifugal Force aiKl 
the Force of Gravity acting together, and according 
to the iame Direction, is drawn by triple a greater 
Force, than if it was ftretched by the Force of Gi** 
vity alone. ^ E. D. 
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